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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical element in which an 
excellent refraction effect or diffraction effect can be obtained by 
recesses and projections formed on the surface and a method for 
manufacturing the element, and to provide an optical element in which a 
light beam in an optional profile can be obtained by the refraction effect 
or diffraction effect and a method for manufacturing the optical element. 
SOLUTION: A rugged pattern 24 functioning as lenticular lenses is 
formed on the surface 10a of an azopolymer carrier 10, and fine 
recesses and projections are formed on the surface of the rugged 
pattern 24. When incident light 26 enters the optical element through the 
face where the rugged pattern 24 is formed, diffused light divided in 
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three directions (+1st order light 34, -1st order light 36 and 0-order light ^\7y' \ 
38) is formed. 
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(9) 



15 



4) 180 °C, 2~5Torr (0. 2 7X10 ~ 
0. 6 7 x 1 0 3 P a) t?2R$!SIKj£ 

xtamm l feme -^xmmkm l , MEtai 

[0 0 5 3] Hi fc±C&!6-e*j«Lfcr^*'J V- 
(1) ©DSC (^M^4^fitt) ft*g£^f 0 #77. 
<S8^aKTgli3 8°C, ffi!jSTm{i6 5°Ct?fe-3fco * 10 

[0 0 5 4] *fchtTV"4-°Uv- (1) 

S-i^ILftT^'Jv- (1) #*PDJM/AfcO. 
8 g/5 'J U -y h;KDi£gT*igfrU ffi&LfctfvX* 
I±(CXlfV3-hLft (lOOOrpm, 2 0f) „ 

x, ry#yv- (i) *»6a*»4^?ji*»*Lfco 

ffiffl*tt*ffl^THWJWW£Lfcfc C 51. 5(1 mt^ 

[0 0 5 5] C©ffifiMKtt*m«/^TSffiH»-7^Dy 

^-fcOlWfl^W^feo *ffiH>-7*P^A©Jf^ 
fcSoTfciu T^^-C^yU- f©5 1 5 nm©58® 
cn*2^fc^KLTtH*^Rt) ; #^i: 

t/co my&mito. sw/crn^t/co »j*sn* 30 

^U— r^^^HRI^l (imMl 0/im©2jI!3fc 
CO 0 5 6] H2 3b^^S«fc^te, gftx*;l/=£-tf 

«iirr*i:uy-7jS*fe«iiPUfeo wwtfio 

/"Co 

CO 0 5 7] r/#'jT- (1) fcfll^fc 40 

ES8flo?«* tietE«fc»)»^uy-7*«SfSci:^ 
t? * s o cnar y# 'jv-oTg &«g£2&tt-p & § fc 

tmwfetiZc -is. ssiOffi^Tg^rv^yv- 
feat), »v^i/y-7«BtjwiiPiEoagetef»6n*jfi 

T\ m&£*)'J>LlS^T g y £?$L<«:2 0°C~5 0°C 
©$BB© T g %7&fTV# 'J v-^Slifc ttifiit?* 50 
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-So 

Co 05 8] #ic, ry^'jv- (1) 
aasM*fo^r*asby-7*py^A*jgriiLT, u 

TV$V ~?-<Dmfrtf l(im~10)j m©SBHT\ H 2 
CO 0 5 9] SftftSnmOy^'JV-Ilca 

)iicisv^i/y-7«jfi*iiiBLfefflitt«§«nrt^a 

1 0 /imi:jp< Lfc^fct,, M»fc»Snmfr5* 
IB L fcil 5 , I^OSTg £WlT £ T V$ 'J v-£IBti& 

Co o 6 o] ^aw^ffiffl-r* C ttf-etSflfieOTV^ 
yv-ODM (ffc^«JfiSi:*OTg) ^JKTte^-To c 

CO 0 6 1] 

Cfb4] 

0 0 

"C>j^8o (CH,) .0-^>-0-^^-0 Wfi 



-CN 



[0 0 6 2] 
[ft 5] 



u 



—i n 



Tg=23.9 c C, Tm=62.7^C 



[0 0 6 3] 
[ft 6] 
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u u ___ u 



U 0 o 

"tOt" 5 ^ m<h O^^"O >_0 (cH!i 1 



Tg=48 5°C. Tm-82.2t 



Tg=33.1°C. Tm=68.5°C 
(6) 



[0 0 6 4] 



[ 



fc7] 
" 0 



[0 0 6 6] 
10 [ft 9] 



— SCST^ 0 lciy ,0 " , ©~ (CH|) 



OKHJ 



u o 

— *Tpr™ (cty ,o "^" oH Q^° tCHi) ,0 — 



Tg-37.8*C. Tm=70.2t 
Tl/*UT— (5) 



Tg=38.0 D C 



[0 0 6 5] 
[ft 8] 



[0 0 6 7] 
*20 [ft 10] 




J n 



[0068] ±ia©a^ {^Lfer^u^T g 

«2 0 o C^P»5 0 o C(0|gHWcfe') > \sV~7fcf$M%i 30 
fcfct^Tfc* r % /*UT- (1) kW«K:jSH/^IHIia*BI 

[0 0 6 9] Ot**3F®«IB *Wfl«Wtt¥*Ptt* 
B3 (a) fcjS-TJ^te, 7!/#Uv-ffi#l 0*** 

Wis 7 , y#UT-ji©* , ffiDa*nrv^«o 7V#y 

T-fiflci 0©Sffii 0 a lea, H#fMK&tf@ffilMi 

©'>&< iife-^w-rsms^^iHiciAW^nT 

0©Stffil0at£. V-OSffifbi&SSe-ra^T 40 

[0 0 7 0] Sfc, *»fi©3e¥*FB. H3 (b) t 

n^cHfltt, coiB««{t©r % /^y v-ai 4©^ 
Bi4aic, r^uv-osttftftfifi-rftmjaKft so 



il 4 



a fciffSSgtt©|HIi!W»J*«n*o 

[0071] ±m<DT^/#y?-mi 4%mz.rdEsm 

{* 1 2 fc 7 y# U T-»»*sh >v h ^ <fc D L 

[0072] ±is©[Hia«, Ha^m^nsKis oa 
®tfmnte~D^?m&r&*&* wavy? 

ears*:, ^?panA«TiB^t?#^6nSo 

[0 0 7 3] 
B&i] 



2n 5i'n< 
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[00 7 4] XW^fiDjgfi A = 6 0 0 n m, M 

ft (77#'Jv-) OJSWf*n = l. 5fcf*fc, «? 

r^PH a # 5 ii mixtr'itmmn e a o ° ~ 7 • t /j^ < 

flffifflRAtfO. 5 ^ml?ti0Sflie(i9 0° f: 

mmm*%?z&5\c%% 0 c©a»K lasirflMBfttfJB 
«f««iosfitt, Hflfttt, A*fft©$MA, ry#u 

v-0ffl»r*t«fc"3Tt>f^{l: , rs*V fWSWfcfi, 10 
wax >y^5~i o 0 /^©raiSTi^^nfci&a- 
5/im©IH|«T?J&SSft;fc^^ *©|HIOtt@»T«jJ| 

jssnsas (warns) fc<t«3s a»f«*«9Eflrr 

So MI3©ffltK HfliSSa^ ft SMfc^ 0300^58 

[0075] ft*, wavy^mmza^taffit 
•yX-e&So cn?>tHiiOtvf^^Rt;iHia^a> afm 20 

[0076] ib 1 vmmoj&m *mm<DBn<DK¥ 

a (B2tHIfl) *JfraLfcfe©-C*So ftfc, 
a7-l/yX(t 0 4 (a) fc^-r«Bfi*WLTV^o 
[0 0 7 7] £1\ 0 5lc^f £5fc, 

6 lei d isy^*aL9-uy%<D&mcttfaLrcW$% 

-Si*i o©affii 0 aMS»S4*£<> cma^ 0 

7 (a) Jc^f uvf*a7-i/yXottffl* 

m •o.fc ? t y*° y v— s# 1 0 ©as 1 0 a ic 2 

4 3Wg**n*o 40 
[0 0 7 8] 07 (a) fc7jVf C©[Si£l2 4tf 

7^2 8©lf-A7 1 'n7r^;V^:H7 (b) IctjVTc 04 

(b) te^-ruy^ra^-uyxwffittWttfcierat; 

[0 0 7 9]*t, 08lC^-f 7V4-°UV-fi 
ftl 0©IH][52 4*ffigj£2ft;fe£Sl 0 ate, U— "9% 
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[0 0 8 0] «ffiUU-7*a^A*, A*fft2 6tf 
<t, 09 (a) KTfitZSlc, rv^yvHsttio 
X1M36, Rtf0^3 8) tf£j«S*U 09 

(b) fc**8ffifc©e-A*f#*cfc#-?*s 0 
[0081] u±.<Dm*), xmrnotemtDft^m^r* 

c ©|H]fl©SBifcf&££tifcWftlHIinit<: £ *> mtiMk 

[0 08 2] [H 2 ©H2t©j£H) *^StS©^^©^^ 
«M6*#-r*IHIO (^2 Ha) *^Lfct,©T**Sc 

[0 0 8 3] $-r, 01 0^-r.tdic, 5^©i^y^ 

+a7-UVXl 2 A©B3i0tffifcr^y V-*J%-lC 

-11 4{il/^*a7-U>'Xl 2 A^BiOIHIfltJG 
oT0J«*nS<, C©U>^a7— l^^Xti, 0 4 
(a) Ic^-r^jS^WbTfe 1 ?, 04 (b) ic^-Ti^ 

So 

[0 0 8 4] ^ic, hi nc^-r^^ic ry^uv- 

1 1 4 ©^ffi 1 4 a «f Jtt*zyH8lc5MSL^ * 

n^ntlft^S 0St>"#^3 2 t LTM*ffSo 

c ttlc «fc »> a&*«fc < a® U U - 7# n ^7 A^isa? n 

T, 7V#U V-g 1 4 ©Sffi 1 4 a lc$»[H]fltf0 

[0 0 8 5] ^ffilxy-7*P^A^> A*f7t2 6^ 
A»Lft«^fc77Xl**3 4, V^tXl»3 

<t> 012 (a) ic^-Tidlc, 7^W-I1 4 
fc, |!fli!!i2 4!Wg*«nfc«*»6A«*2 6*A«*'a- 
Tcm&lCs 3#lK©ffif0te (7"7X1^3 4, V-T^ 
Xl^t3 6> ]RtfO20tt3 8) tffiSStU 01 2 
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(b) \C7fi?mt(M<D¥--L>%n%£tffr*%2>o 

[0086] JM±oaD, *mn<D&m<Dyt¥m : ¥?* 

it, Uy^*a^-l/>XfcJ;»)JBJf«*jWI&n* £ 

7V#y v-jiajaaHc^iasnfciWBftiHiiah: 
/<*->'*jiiwbTaiincBfSBgttoiHii!! t *iiB"r* e 

[0 0 8 7] ±nEXHt^<DUy^jL : 7-uy 
it, ±mt u v-^m^-r s»*j»c^s-e*ntf, 

KJI^X^2f©<fc-5&jre£>&t,\ 
[00 8 8] ^ 3 C«<D^19 **»©«»©3t^ 

y# u v-s©^afc u > x© ma <t d > h8«st*b&f 20 

[0 0 8 9] $1\ a2©3lB»flWg»fcraaBcbT> £ 

/y^'Jv-il 4SI/>f*a7-l/>Xl 2ASffi 
H\ 04 (a) te^-r«BB*WUTfe»), 04 (b) lc 

[0 0 9 0] #fc, 0 1 3 IC^fX^y 30 

*j8^t\ r*/*u v-« 1 4 <dss 1 4 a ic&iRffcfr 

601/— If ft 4 2£ l/4jgfife4 4}C<fc'3F [ 3Mft4 6 
fcLT"Hffl«*4 81cA*h*-£, BSMM 8©ft*fcfHW 
£ft3S2M5 0*T!/#UT-Jil 4<D^ffil 4 at 

Y-Il 4tCX^^^;W^->lCfSCfc[HI£ 1 ] 5 2#Jg 
[0 0 9 1 ] 0 1 5 (cCflD^6^*?<0*¥^lfiJHL^fiB 

&^m<Q&m$&* o 01 5fr6#fr*J:3 
fc, 7^f'J?-Ii 4lcx^^^;VA^-yfcjSUfe 

[0092] «±©>i»k *^©jB»©)te£#y-e 
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fc, tt*©^/^-y*JH«LT«iiifcm»gttoiHlia 

*8§ef set asB^iHio^^-rscfc^ 
[0093] iaa-eti^ou^+a^-uv 

[0 0 9 4] ±fBT*«&ftf*fr6>ft&ttfcX'-W 
[0 0 9 5] [*«££fcjaLfc«ifi#S;] *fc, *58 

ttwHfljWBjasnrvs c fc-rs £>©-<?& 

[0096] ma. ffiSM^-vwwLTry 
ma*mmLrcft¥m?z^\ ny/^hf^x^o 

[0097] ttTt, a»wo«Bixs*a»«-rso s 

"f, 016 (A) \ciF?£5ic, m%-i£, W,\<DMm<D 
m&tnUteLX, 7y*'JT-f#l 0©S®1 0 a 
4tfJftj!c2nS££;l<:, C3fl 2 4 O^ffilclSW 

ftnaa* , »j*«n«t**f«fW , r«o 0 1 6 
(b) ic*?&?\c, c (Dyt^m? vma 2 4 Rxswrn 

[0 0 9 8] 016 (C) X\ «I^y^l5 4 

XlCX >y ^r^nmic J; <3 Fif^J* 5 © ^ ^;VTX # 5 6 £ 
JBl«U 016 (D) t\ J&8Snfc**>l'VX*5 6 
*»il^^^rS5 4ft»6iWrr*o 016 (E) T\ C 
OiiJBIL^:^ ^;l/TX^ 5 6±te-'y!r;Hfiaov 



(13) 
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tf-5 8*J&aU Hi 7 (A) X\ 

;l/VX^5 6^P.PJ«-TSo 017 (B) ?\ KlUbfc 

U H17 (C) T\ 0&V+f-5 8frBil 

HILT, x*y/*6 0#saa-fs (x^y^fHHi 
S) o ££>x#yA6 ofi, 7V*'Jv-ffti o©a 

[0 0 9 9] ^t, 017 (D) iC/j^Ti:?^ £©X 
*>A6 0£@SS6 2&tf^»]S6 4fr£&3»ffif£ 10 

9o mWCs 017 (E) lC7jVf<fc-5fc, l*tHJ«JB«© 
fiftSHTO 5 > «HBJWWt tft £ C 5 tf * U iXfiMSt 

6 6^gffi6 6 alcli, OcD^ffil 
[0 10 0] ±IHcD^T(i, 

[oioi] &>±MWLrc&5ic, jgmoft^m? 
H£#s<r fcff-et*. WfcjaSB»*fc:ft]*.Tiii#rS&£ 

vx, Kim, &z&micmz&mtfMftx%Zo 30 
[0102] »*i/<ttaa*5ftiB 

[0 10 3] *5Kaojfc^iR?o«Bfi^tj:n 

*?*fRH"rsci:*^tSo Hie, mmvft&mi- 

[0104] ftfc, ±fHT-(i, vyxm<r>mwtm^ 
ttSWfcovvtKiflLfctf, BIMR* 
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[0 10 5] 

i ) **sg0ijTtt, 0 1 8Rt>*0 1 9 *mmi> 

X, 1 0-2 8 2 3 7 1 WAfflcffl^ZtlX^Z 

[0106] T^vv-^LTB, wiiicv'r/Ty 

- (2) ) fcflf^fco COT^'JV- (2) cDtfVX 

K^as t g ti 2 6 . 8°cx*$>*) *mnziffix$>z 0 
mm^xmm 2bic eicrvw-?- (2) * 
i. 5 iLmvmzxmftLx, r/^w-ii 4£« 

[0107] 018 (b) fcjjVDfc^fcffl^T, £H 
^W88l 6}c<fc<3, 7j<¥73[oIfcjA^-pfc3 , 6?g (01 8 
(a) tcmrXabSftW *££U coMOMtl^X 

-ii 4ogffii 4 atjHirr sfc^t, e-Ax^u 

>y * 7 2 fC * o X¥fi<D^myt 3 2* |H]B#lcSl*f L fco 

muznXs r/^w-n 4(D%mi 4 aici»*ffl& 
Hfla^&stiSo laaovf-v^tto. 8-2. o^m 

[0 10 8] 01 9lcgS5l 4 a©t*c88^rt£^:br7r: 

to 01 9fc^-r<t3ic -h*a«3tex*;i/*-^ffifi 

?k:3t* A*f ^^?» , % h 0 *a»f}ftwsn^ 0 1 
8 (a) \c7tt%m.ftti<Dm&t*nz>z-£tfxz 

fee fcT, cl©^^ii±a©^'r-^^Xffl©7 , e 

[0109] ami 2 ) *»«wett> 020-02 

2 ^#S8LT, WB8¥ 1 0-2 8 2 3 7 1 ^HBcMttc 

\c&mnzmzmftm?tz<Dimj3mtic-3^x 

[0 110] r % /#'J v-^LTii, flatS/TV TV 
- (3) ) *ffl«/>fe 0 il©r/#UV- (3) <D#^X 

is^afi t g (i 4 8 . 5 °c-e& 5 *«wk:iSi^**o 
aw^xssi 2Bt, ccr/sH'jv- (3) * 

8. 0(imO)l«'f!MilT, 7y#'JV-114«i 

[0111] 02 0^, r x /#yr— Ji©«ffiE5~i 
0 0 nmtD^mx^y^^^-y^uy^^—^ 
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[0 112] 02 lfcT % /#Uv--jiflDaSEKII*iai5 

[oi 13] 0 2 2tc©3C**?©*¥^riftRtfaB 

^©ffiftftli^'To 02 2fr£>#fr3«fc-?lc. 

[oi 14] ami 3) ***wctt* r^'j^- 

[0 115] 3t-uyh3e*S»i*fc3KI**"C!t» 
fcjWH&tlT^*o #^¥4-2 9 9 3 0 3^ 

? % mm.Mnmmz nit * o ^ akhm*# w^s n 

Hi!!ifcLTB»r«*SfcOli'>tl8ifr*o 30 
[0 116] TVXW-tLXtt, mfflzfTSTV 

- (5) ) Jfcffll^fco C©7VWr- (5) OAVX 
*58PiiffiT g ii 3 7 . 8 °c-?fc 0 *«W»C»)it**S<» 
S8i#5*»Rl 2Bfc\ JKOTV^UT- (5) * 
3. 0/im<Oj»«T-lflJLT, r/^'Jv-lHSi 

[0 1 17] *le, 02 3tit^7i';K£?^ 
£fl3^T, 4©Sffil 4 alC&iStffcfr 

Bcx^'v^^^-yse^-rso ap-^> ftiuon 40 

3tW4 0*»&©b-tffl£4 2*l/4iSS«4 4lc£9 
Rfilft 4 6 t LTffiifcft 4 8 tc KMStto 4 8 

fco Sg#4 8©5mmg^fcI2»»f**e«U ffift 
ft4 8*^[ii^n5SS0t5 0^/#U-7-il 4 

©atsi 4 aicMWL^. ry^ov-jii A\mm 

V -?—M l 4 ©^ffi 1 4 a fcX-<-y *;WS#— vlcjSC 50 
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[0 118] 02 4fcT^UV-Hl 4©*ffil 4 a 

fc<fc^Tt^Lfc!igm^i- 0 Ha* n<o#x.m i it 
mear-feo> ^©ifyf-iiPi&s pm~\ oojim© 

tx^-y ^/W^-y^HflJ: ITTV^y^I 1 4 

[0 119] c©ffi»ftOffi»Wtt*ffMffitfc 0 
0 2 5 lc C ©ft^i^ ©*¥?? iPlRtf filfi?3 [p]CD{£ifcW 

[0120] c<D&?ic*.mmmx*tt, mmm^xtt 

a&iiM wic «s9 l r x * > / <*fwr * c t * , 
c<D7.$y^%m^xmu waBVt*ffi%-rcyt¥MT* 

[0 12 1] (^MJ4) *£tHfT?& £flHH2fc:fe 
[0122] ytUtLXi*T)i'dy'(*yu-4f<D$m 

i4 88 nm*fflV\ *SS0J 2 T?ft*Sft;fc*¥*F<D 

r.mL\cftfohxmwmx$^m,ftt^xmm%o % 
f*«Rtf #Ba^©<S)t{4 1 / 4 issstio rsi/^kisi 

JWT> HiOi^^ 2 0 0 n mJJ(T©M«iftIHJfi*^^ 

[0123] mm (yofoytRttmmm <omyt^^ 

09 (a) t^f <t-5t3^lK©fi£fS6t*^^n 
So C©^©fi£iC3fe©Vr-A7 p D77'^;Wi09 

(b) ic^-raot-feSo 

[0 12 4] £<D£olc*mMWlX&, mtfiWtf£%M%- 

©wws&ft*®^ ffljfctejsuraataif-AXp 
[0125] a*. *stM3h:i3v^rfW*nfcS»fsi 



(15) 

27 

[0126] @mm 5 ) 026-02 

8 £#fiLT, WH¥ 1 0-2 8 2 3 7 1 #48BcM* 

[0 1 2 7] yyXVr-tLXt*. Wmci/T/T*/ 

- (6) ) %mWco C<DTV#W- (6) ©«7X 
t@fMBSTgB3 3. l*C-e*»)*«WfcffiiTfft*. 10 

coi2 8] r % /*yv- (6) o^oawA 

!§l?:X^y3 - hie i D ^ a7-l/>X 1 2 A 

J?&{4 1 /i mfc bfec 7V#y V-Ji 1 4 ttl/Vf^a 
7-L/>Xl 2 A«iIi©|H|iafc»oT»J*Snfc. u> 

f^a7-i/vXfctm 04 (a) t^-re^ou 

(b) £^-r«fc-5fc, A»^«±ft^l0' SStt* 

6 6 jim-rfeD, Hfl<Dfi8Stt5 0 (imt»S, 20 
[0 12 9] 0 4 (a) tC^-re^CUy^a 

Sfcfe^ 02 7lC7*-f7t¥^£ffl^T> 
* a y 5 AfcfBHf S o S -f, ^Bt^WSS l 6 lc J: 
»), 02 6 (a) fcjS , TJt3ME»#©3raft***^fco 
£©7frfi{4. Uyf*a5-U>Xl 2 AlC,fc3t£ix7 , £ 
^h'y^N-yf «flWt!ttt»* tefBB"*" 3 * 5 fc * 6 

[0 13 0] ^j*LftJBS*^VX7 0fc*9«»tft 
tf&«tf^3 0fcl/tBMfr*i:«fc* e-AX^U-y 30 
*7 2tJ;-2tW©»3 2*W*fcifBJMtfco to 

i*^3 Qmsmmz 2«x *RM»T?ry#yT-i 1 

4 ©affi 1 4 a fcBKWfflJO^ffi 1 4 b fr&Alf l/fc. 
«W*« 3 0 RZf^myt 3 2 HE^fcjffiJB 5 ©ROfctfcR 

1 4©gffii 4 aKflWBftiHiajb^iasnSo «Dt? 

•y^«0. 5-2. 0 /i ml?* 9* [H]ft©&2l42 0 0 
[0 13 1] &lc> T^'JT-i 1 4<Dmm\ 4 afll 

[0132] c<D&5ic*nmwr*te, *K<Dyt*mffi 51 
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7t¥*?fcj;o"riiS»*^ fro, aD^©3tttt*«) 

[0133] mams) *rnmm?*i*. rv^uv- 

[0134] tt-f, ifw&*v 7?h\c^xmmt 
So mmmat, mmt^^L > <DXtsmx(oyt<Dm 

«W)l«ffk:»So LfrU ffiffifc»B*i:t>fciaW** 

OfflTj i: 9HWI* a ^ 5 A £ ©Ifflfc 14— ftWftBMWfc 

[0 13 5] «l{fc©#S;i:L-r«, iRm-r^S^O 
zMWZVr 5 Gerchberg-SaxtonjS , ->a5U 

H . r— — y y^ifeftg©— a— 7/v*"y b© 

^jit/>Gerchberg-Saxton?4*fflV\ ff^$l*n y-yhfe 
[0 1 36] 02 9 (b) tt, ta7Jffi-e07t!tfi^"<? 

029 (a) «u %n*Bj8.?zrctb<£>xj3nr* 
(4, ttffl&rt*-;/%ei2 9 (b) K^-r^^&i^ftii 

[0 13 7] COtHHt*a^A*, 0 5lC7^Lfc)t 
^Jfifci^Try^UT— fif*l 0CM1 0 at»h 

^y-yy^Jto^yxxr^ (W^ft^W : rv^u 

V- (7) ) ^fflV^Co COTV^'J"?- (7) ©7^V 
Xlte^SJST gt4 3 8 "CT'fe ») *a«lc*fiiTf*«. H 

[0 13 8] £<D£?iaiWM*U>?^l±tfWatLX 
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* NOTICES * 

JPO and INPIT are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention is equipped with the macromolecule layer which has an 
azobenzene frame about the manufacture approach of the manufacture approach of an optical element 
and an optical element, an optical element duplicate object, and an optical element duplicate object, and 
relates to the manufacture approach of the optical element which has either [ at least ] a refraction 
function or a diffraction function, the manufacture approach of the optical element, the duplicate object 
of the optical element, and an optical element duplicate object. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, in the field of an optical instrument, the optical element 
(dioptrics component) using optical refraction, such as a convex lens, a concave lens, and prism, has 
been used widely. Recently, production of a micro-lens array, a lenticular lens, etc. is also attained by 
development of ultra-fine processing technology, and the dioptrics component is used in various 
applications from lighting to optical communication. 

[0003] For example, the signal processor using the optical data bus equipped with the lenticular lens and 
this optical data bus is indicated by JP, 10-282371, A. This optical data bus 10 forms two or more 
cylindrical sides (lenticular lens) 12 arranged along with edge 1 la which makes the optical data bus 10 
interior diffuse the signal light 15 which carried out incidence to one edge 1 la of the signal light 
incidence section 1 1, as shown in drawing 35 (a) and (b). Since the cylindrical side 12 diffuses the 
signal light 15 by which incidence was carried out to the optical data bus 10 over the whole surface of 
edge 14a by the side of the signal light outgoing radiation section 14 with the diffusion means which 
comes to carry out two or more arrays, the signal light left besides the optical transmission layer 13 
among signal light is stopped to the minimum. The transmission efficiency of the signal light 15 
becomes high by this, and dispersion in the amount of outgoing radiation in edge 14a by the side of the 
signal light outgoing radiation section 14 decreases. For this reason, low consumption electrical 
quantity-ization can be attained in the signal processor using the optical data bus 10. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The optical element of this invention does so the effectiveness that the 
outstanding refraction effectiveness or the outstanding diffraction effect can be acquired with the 
irregularity formed in the front face. 

[0152] Moreover, when it constitutes so that it may have the irregularity which has the irregularity and 
the diffraction function to have a refraction function, the effectiveness that the light beam of the 
configuration of arbitration can be obtained is done so according to the refraction effectiveness and the 
diffraction effect. 

[0153] Moreover, when the polymeric materials which have glass point relocation of the predetermined 
range are used, while the degree of freedom of a design improves by forming the irregularity (relief 
structure) of sufficient depth for a front face, the effectiveness that the outstanding refraction 
effectiveness and/or the outstanding diffraction effect can be acquired is done so. 
[0154] The manufacture approach of the optical element of this invention does so the effectiveness that 
the optical element by which irregularity was formed in the front face can be manufactured simple and 
cheaply, by irradiating the optical pattern of arbitration and carrying out induction of the irregularity of a 
request configuration to a front face. 

[0155] Since the manufacture approach of the optical element duplicate object of this invention produces 
La Stampa using the optical element by which irregularity was formed in the front face, it can reproduce 
easily the optical element of the shape of same surface type, and does so the effectiveness that mass 
production method becomes possible. Moreover, the obtained optical element duplicate object does so 
the effectiveness that the outstanding refraction effectiveness and/or the outstanding diffraction effect 
can be acquired like the optical element of this invention. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, dioptrics components, such as a lens, are equipped 
only with the function of comparatively simple condensing or optical diffusion. For example, in an 
above-mentioned optical data bus, signal light is only diffused with the lenticular lens. On the other 
hand, when Holographic Optical Element (HOE) which is a diffracted-light study component using the 
diffracted-light study component which used the diffraction of light instead of and a hologram is used, a 
complicated light wave can be generated. [ the dioptrics component ] 

[0005] For example, in the above-mentioned optical data bus 10, as shown in drawing 35 (c) The signal 
light 15 by which incidence was carried out to it in the optical data bus 10 when the diffusion plate 20 
had been arranged to one edge 1 la of the signal light incidence section 1 1 as a diffracted-light study 
component instead of the lenticular lens It diffracts with the diffusion plate 20, and it is spread, while 
branching so that it may condense to the predetermined output port (for example, output ports 14b and 
14c) established in edge 14a by the side of the signal light outgoing radiation section 14. 
[0006] According to the diffracted-light study component this passage, an incident wave side is 
convertible for the wave front designed to arbitration. Moreover, the diffracted-light study component 
had the variance contrary to a refraction mold lens, and since it does not have thickness substantially, it 
is equipped with the advantage which is not in a dioptrics component — optical system becomes 
compact. On the other hand, in order [ the ] to use the diffraction of light, there is a trouble of diffraction 
efficiency essentially falling compared with a dioptrics component according to generating of zero-order 
light with large wavelength dispersion with large constraint of alignment. 

[0007] moreover, as the production approach of a diffracted-light study component of having used the 
hologram Photofabrication of surfaces for holograms, As indicated by Sukant Tripathy, Dong-Yu Kim, 
Lian Li, and Jayant Kumar, and CHEMTECH MAY (1998) pp.34-40. The approach of forming in a 
medium front face the surface relief hologram with which induction of the detailed irregularity was 
carried out by recording a hologram on this record medium is learned using the record medium which 
consists of a macromolecule (azo polymer) which has an azobenzene frame. 

[0008] Using the laser light source of the wavelength which has sensibility in an azo polymer, two light 
waves are made to interfere and, specifically, the surface relief hologram of a submicron pitch is formed 
on the surface of a record medium. Although the HOE production process in which the usual semi- 
conductor process is used needs many processes in order to repeat a pattern design, exposure, and 
development two or more times, by the above-mentioned approach, it can skip many processes and can 
reduce a manufacturing cost sharply. Moreover, since the relief depth of the surface relief hologram 
formed increases in proportion to exposure energy, production of an ideal diffracted-light study 
component from which irregularity changed gently is possible for it. 

[0009] However, the relief depth obtained by the above-mentioned approach is about several lOOnm, 
when forming a surface relief hologram and using it as a diffracted-light study component, sufficient 
relief depth is not obtained, but the zero-order light which is not diffracted occurs and the practical 
problem that diffraction efficiency falls usually generates it. 

[0010] Although there is an advantage that the degree of freedom of a design is large in the diffracted- 
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light study component containing HOE as stated above, there are problems, like in order to use the 
diffraction of light, constraint of alignment is essentially large, and wavelength dispersion is large. On 
the other hand, although the degree of freedom of a design is small, dioptrics components, such as a 
lens, have little constraint of alignment, wavelength dispersion is small for them, and the problem by 
zero-order light has the advantage (robustness of a dioptrics component) of not generating in them. 
[001 1] This invention is made in view of the above-mentioned trouble, and the 1st purpose of this 
invention is to offer the optical element which can acquire the outstanding refraction effectiveness or the 
outstanding diffraction effect with the irregularity formed in the front face. The 2nd purpose of this 
invention is to offer the optical element which can obtain the light beam of the configuration of 
arbitration according to the refraction effectiveness and the diffraction effect. It is to offer the optical 
element which can acquire the outstanding refraction effectiveness and/or the outstanding diffraction 
effect while the degree of freedom of the purpose [ 3rd ] of this invention of a design improves by 
forming the irregularity (relief structure) of sufficient depth for a front face. 

[0012] The 4th purpose of this invention is by irradiating the optical pattern of arbitration and carrying 
out induction of the irregularity of a request configuration to a front face to offer the manufacture 
approach of an optical element that the optical element by which irregularity was formed in the front 
face can be manufactured simple and cheaply. Using the optical element by which irregularity was 
formed in the front face, the 5th purpose of this invention can reproduce easily the optical element of the 
shape of same surface type, and is to offer the optical element duplicate object obtained by the 
manufacture approach and approach of the suitable optical element duplicate object for mass production 
method. 
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MEANS 



[Means for Solving the Problem] In order to attain the 1st above-mentioned purpose, an optical element 
according to claim 1 is equipped with the macromolecule layer which has an azobenzene frame, and is 
characterized by forming in the front face of this macromolecule layer the irregularity which has a 
refraction function. In this optical element, the refraction effectiveness can be acquired with the 
irregularity formed in the front face of a macromolecule layer. Moreover, although diffraction efficiency 
falls if sufficient concavo-convex depth is not obtained, in this optical element, the outstanding 
refraction effectiveness can be acquired by optimizing concavo-convex spacing irrespective of the 
concavo-convex depth. 

[0014] In order to attain the 1st above-mentioned purpose, an optical element according to claim 2 is 
equipped with the macromolecule layer which has an azobenzene frame, and is characterized by forming 
in the front face of this macromolecule layer irregularity with a depth of 1 micrometers or more which 
has a diffraction function. The outstanding diffraction effect can be acquired in this optical element, 
without diffraction efficiency falling with irregularity with a depth of 1 micrometers or more formed in 
the front face of a macromolecule layer. 

[0015] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

3 is equipped with the macromolecule layer which has an azobenzene frame, and it is characterized by 
forming in the front face of this 1st irregularity the 2nd irregularity which has a refraction function or a 
diffraction function while the 1 st irregularity which has a refraction function is formed in the front face 
of this macromolecule layer. In this optical element, while the refraction effectiveness is acquired with 
the 1st irregularity formed in the front face of a macromolecule layer, the refraction effectiveness or the 
diffraction effect can be acquired with the 2nd irregularity formed in the front face of the 1st irregularity. 

[0016] That is, in addition to the refraction effectiveness by the 1st irregularity, the outstanding 
refraction effectiveness can be acquired by acquiring the refraction effectiveness by the 2nd irregularity. 
Moreover, when acquiring the diffraction effect by the 2nd irregularity in addition to the refraction 
effectiveness by the 1st irregularity, the light beam of the configuration of arbitration can be obtained. 
[0017] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

4 is equipped with a dioptrics component and the macromolecule layer which has the azobenzene frame 
formed in the front face of this dioptrics component, and is characterized by forming in the front face of 
this macromolecule layer the irregularity which has either [ at least ] a refraction function or a 
diffraction function. In this optical element, while the refraction effectiveness is acquired by the 
dioptrics component, either [ at least ] the refraction effectiveness or the diffraction effect can be 
acquired with the irregularity formed in the front face of a macromolecule layer. 

[001 8] That is, in addition to the refraction effectiveness by the dioptrics component, the outstanding 
refraction effectiveness can be acquired by acquiring the refraction effectiveness by irregularity. 
Moreover, when acquiring the diffraction effect by irregularity in addition to the refraction effectiveness 
by the dioptrics component, the light beam of the configuration of arbitration can be obtained. 
[0019] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 
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5 is equipped with the macromolecule layer which has an azobenzene frame, and it is characterized by 
forming the 2nd irregularity in the front face of this 1st irregularity at spacing narrower than this 1st 
irregularity while the 1st irregularity which has a refraction function is formed in the front face of this 
macromolecule layer. In this optical element, while the refraction effectiveness is acquired with the 1st 
irregularity formed in the front face of a macromolecule layer, according to the configuration of the 2nd 
irregularity formed in the front face of this 1st irregularity, either [ at least ] the refraction effectiveness 
or the diffraction effect can be acquired. 

[0020] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

6 is equipped with the dioptrics component equipped with the 1st irregularity which has a refraction 
function, and the macromolecule layer which has an azobenzene frame on the front face of this 1st 
irregularity, and is characterized by forming the 2nd irregularity in the front face of this macromolecule 
layer at spacing narrower than said 1st irregularity. In this optical element, while the refraction 
effectiveness is acquired with the 1st irregularity in the front face of a dioptrics component, according to 
the configuration of the 2nd irregularity formed in the front face of this 1st irregularity, either [ at least ] 
the refraction effectiveness or the diffraction effect can be acquired. 

[0021] In the above-mentioned optical element, it is desirable to be formed at spacing whose irregularity 
which has a refraction function is 5-100 micrometers, and it is desirable to be formed at spacing whose 
irregularity which has a diffraction function is 0.2-5 micrometers. 

[0022] As for the glass transition point of a macromolecule, in the above-mentioned optical element, it 
is more desirable than a room temperature that it is either of the range of 20 degrees C - 50 degrees C an 
elevated temperature and near the room temperature. 

[0023] In order to attain the 3rd above-mentioned purpose, an optical element according to claim 12 is 
characterized by forming the irregularity to which it has the macromolecule layer which has an 
azobenzene frame, and the glass transition point of this macromolecule is an elevated temperature from 
a room temperature, and has either [ at least ] a refraction function or a diffraction function on the front 
face of said macromolecule layer. From a room temperature, when it irradiates light when the glass 
transition point of a macromolecule is an elevated temperature, and it carries out induction of the 
irregularity, while it can carry out induction of the irregularity of sufficient depth, it can maintain the 
irregularity by which induction was carried out to stability. Consequently, easy and the refraction 
effectiveness which was excellent while it could form in stability and the degree of freedom of a design 
improved, and/or the outstanding diffraction effect can be acquired for the irregularity of sufficient 
depth on the surface of an optical element. 

[0024] Moreover, in order to attain the 3rd above-mentioned purpose, it has the macromolecule layer 
which has an azobenzene frame, the glass transition point of this macromolecule is near the room 
temperature, and an optical element according to claim 13 is characterized by forming in the front face 
of said macromolecule layer the irregularity which has either [ at least ] a refraction function or a 
diffraction function. When irradiating light when the glass transition point of a macromolecule is near 
the room temperature, and carrying out induction of the irregularity, the induction of the irregularity of 
sufficient depth can be carried out. Consequently, while the irregularity of sufficient depth can be easily 
formed on the surface of an optical element and the degree of freedom of a design improves, the 
outstanding refraction effectiveness and/or the outstanding diffraction effect can be acquired. 
[0025] Moreover, in order to attain the 3rd above-mentioned purpose, an optical element according to 
claim 14 is equipped with the macromolecule layer which has an azobenzene frame, is range whose 
glass transition point of this macromolecule is 20 degrees C - 50 degrees C, and is characterized by 
forming in the front face of said macromolecule layer the irregularity which has either [ at least ] a 
refraction function or a diffraction function. When irradiating light when the glass transition point of a 
macromolecule is the range which is 20 degrees C - 50 degrees C, and carrying out induction of the 
irregularity, while being able to carry out the induction of the irregularity of sufficient depth, the 
irregularity by which induction was carried out is maintainable to stability. Consequently, easy and the 
refraction effectiveness which was excellent while it could form in stability and the degree of freedom of 
a design improved, and/or the outstanding diffraction effect can be acquired for the irregularity of 
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sufficient depth on the surface of an optical element. 

[0026] In an optical element according to claim 12 to 14, the irregularity concerning the part which has a 
refraction function among the irregularity formed in the front face of a macromolecule layer can be 
formed at intervals of 5-100 micrometers. Moreover, as for the irregularity concerning the part which 
can form the irregularity concerning the part which has a diffraction function among the irregularity 
formed in the front face of a macromolecule layer at intervals of 0.2-5 micrometers, and has a diffraction 
function, it is desirable to be formed in a depth of 1 micrometers or more. Furthermore, it can have the 
1st irregularity which is formed in the front face of a macromolecule layer and has a refraction function 
as irregularity formed in the front face of a macromolecule layer, and the 2nd irregularity which is 
formed in the front face of this 1st irregularity, and has a refraction function or a diffraction function. 
Moreover, the macromolecule layer may be formed in the front face of a dioptrics component. 
[0027] In the above-mentioned optical element, the hologram may be recorded on the interior of a 
macromolecule layer. In this case, a diffraction function can be obtained by the hologram recorded on 



[0028] In order to enable formation of deeper irregularity, as for the thickness of a macromolecule layer, 
it is desirable to be referred to as 1-10 micrometers. Moreover, as for a giant molecule, what has an 
azobenzene frame in a side chain is desirable, and what contains an aromatic hydrocarbon radical in a 
principal chain is more desirable. Also in these macromolecules, especially the polyester expressed with 
the following general formula (1) is desirable. 



[0030] (Among a formula, X shows a cyano group, a methyl group, a methoxy group, or a nitro group, 
and Y shows the divalent connection radical by ether linkage, ketone association, or sulfone 
association.) 1 and m show the integer of 2-18, and n shows the integer of 5-500. In order to attain the 
4th above-mentioned purpose, invention according to claim 25 is the manufacture approach of an optical 
element of manufacturing the optical element of this invention, and is characterized by irradiating the 
light which has predetermined intensity distribution, forming the irregularity according to these intensity 
distribution in the front face of a macromolecule layer established in the optical element, and 
manufacturing an optical element. In this case, it is desirable that the light to irradiate is the circular 
polarization of light. Moreover, predetermined intensity distribution can be made into the intensity 
distribution corresponding to a computer generated hologram or kino form, and the intensity distribution 
corresponding to the speckle pattern obtained from the diffuser. 

[0031] By this manufacture approach, by irradiating the optical pattern of arbitration, the light which has 
the intensity distribution corresponding to a computer generated hologram or kino form, the light which 
has the intensity distribution corresponding to the speckle pattern obtained from the diffuser can form 
the irregularity of a request configuration in the front face of a macromolecule layer, and can 
manufacture simple and cheaply the optical element by which irregularity was formed in the front face 
of a macromolecule layer. 

[0032] Moreover, in order to attain the 4th above-mentioned purpose, invention according to claim 29 is 
the manufacture approach of an optical element of manufacturing the optical element of this invention, 
and is characterized by irradiating body light and a reference beam on the front face of a macromolecule 
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layer established in the optical element, forming the irregularity according to the intensity distribution 
by the interference light of this body light and a reference beam, and manufacturing an optical element. 
In this case, as for body light and a reference beam, it is desirable that it is the circular polarization of 
light of the circumference of reverse mutually. 

[0033] By this manufacture approach, by irradiating the optical pattern of arbitration, the interference 
fringe of light etc. can form the irregularity of a request configuration in the front face of a 
macromolecule layer, and can manufacture simple and cheaply the optical element by which irregularity 
was formed in the front face of a macromolecule layer, for example. 

[0034] In order to attain the 5th above-mentioned purpose, the manufacture approach of an optical 
element duplicate object according to claim 31 Are the manufacture approach of an optical element 
duplicate object of manufacturing the duplicate object of the optical element of this invention, produce 
La Stampa for imprinting this irregularity using the irregularity formed in the front face of said optical 
element, and with the thermocompression bonding or injection molding using this La Stampa It is 
characterized by forming said irregularity and the irregularity of the same configuration in the front face 
of a resin ingredient, and manufacturing the duplicate object of said optical element. 
[0035] Moreover, in order to attain the 5th above-mentioned purpose, an optical element duplicate 
object according to claim 32 is characterized by imprinting the irregularity formed in the front face of 
the optical element of this invention. 

[0036] By the manufacture approach of the above-mentioned optical element duplicate object, La 
Stampa for imprinting this irregularity is producible using the irregularity formed in the front face of the 
optical element of this invention, such as performing mastering using the optical element of this 
invention, producing a metal master for example, and producing La Stampa based on this metal master. 
And by the approach suitable for mass production method, such as thermocompression bonding or 
injection molding using this La Stampa, the irregularity of the same configuration as the irregularity 
formed in the front face of a resin ingredient on the surface of the optical element can be formed, and the 
optical element of the shape of same surface type can be reproduced easily. For this reason, the optical 
element of the shape of complicated surface type can also be mass-produced easily. Moreover, the 
obtained optical element duplicate object demonstrates the outstanding refraction effectiveness and/or 
the outstanding diffraction effect like the optical element of this invention. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[Ingredient of a polymer carrier or a giant-molecule layer] The polymeric materials used for the optical 
element of this invention are giant molecules (an "azo polymer" is called hereafter) which have an 
azobenzene frame. This azobenzene frame shows the photoisomerization cycle of a transformer-cis— 
transformer. 

[0038] this invention - setting - the inside of these azo polymer — a glass transition point Tg - a near 
room temperature — a hot azo polymer is somewhat more desirable especially preferably than a room 
temperature. The former, Photofabrication of surfaces for holograms, As indicated by Sukant Tripathy, 
Dong-Yu Kim, LianLi, and Jayant Kumar, and CHEMTECH MAY (1998) pp.34-40. Although the azo 
polymer 100 degrees C or more was used for surface relief formation, a glass transition point Tg this 
invention person etc. is that a glass transition point Tg uses the azo polymer near the room temperature 
for a record medium, and, as for deep relief structure, easy and being obtained by stability raised sharply 
the degree of freedom of a design of a header and an optical element. 

[0039] Moreover, the macromolecule which contains an azobenzene frame in a side chain from a 
viewpoint of the molecular structure is desirable, and the macromolecule which contains an aromatic 
hydrocarbon radical in a principal chain is more desirable. Also in these, especially the polyester 
expressed with the above-mentioned general formula (1) is desirable. 

[0040] The example of the azo polymer which can be used by this invention is shown below. 

[0041] 

[Formula 3] 
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Tv'tfy^- (1) 




[0042] The polyester (azo polymer (1)) which has a cyano azobenzene in the above-mentioned side 
chain is M.Sato's and others "Synthesis and properties of polyesters having cyanoazobenzene units in 
the side chain", and Macromol.Rapid. Commun. It is reported to 15 and 21-29 (1994), and can 
compound by the approach indicated by this reference. Next, the synthesis procedure of this azo 
polymer (1) is explained. 

[0043] (Composition of a 4-hydroxy-4'-cyano azobenzene) NaN02 water solution (NaNO2150g, 750ml 
of pure water) was dropped, stirring two mols (236. 3g) of 4-amino benzonitriles, 600ml (12Ns) of HC1 
(s), and 600ml of pure water in an ice bath (step 1). Two mols (191.8g) of phenols and two mol (1 12.3g) 
of KOH(s) are quickly dissolved in about 21. pure water, and the product of step 1 was dropped and was 
made to react. After reaction termination, after ****(ing) a product by suction filtration, reduced 
pressure drying was washed and carried out with pure water. The obtained product was made to 
recrystallize with a methanol and the crystal of 1.3 mols of 4-hydroxy-4'-cyano azobenzenes (292. 3g, 
65.5% of yield) was obtained. 

[0044] (Composition of a 4-(6-BUROMO hexyloxy)-4 , -cyano azobenzene) 0.2 mols (44.6g) of 4- 
hydroxy-4'-cyano azobenzenes, 1, two mols (488. lg) of 6-dibromo hexanes, 31.45 mols (200.4g) of 
K2COs, and 800ml of acetones are put into a 21. three-neck flask, and it flowed back for 20 hours and 
was made to react using a water bus. After cooling to a room temperature, a by-product and superfluous 
K2C03 were filtered and removed. After condensing the obtained filtrate to about about 1/2 using a 
rotary evaporator, it was left in the freezer and it was crystallized. After ****(ing) the depositing crystal 
by suction filtration, reduced pressure drying was washed and carried out by n-hexane (0.1 17 mols 
(45. 3g, 58.6% of yield)). Furthermore, the obtained rough crystal was made to recrystallize in ethanol, 
and 0.094 mols (36.3g, 47.0% of yield) of 4-(6-BUROMO hexyloxy)-4 f -cyano azobenzenes were 
obtained. 

[0045] (Composition of 5-hydroxy isophthalic acid diethyl ester) One mol (182.4g) of 5-hydroxy 
isophthalic acid, 1500ml of ethanol, and 10ml of concentrated sulfuric acid are put into a 21. three-neck 
flask, and it flowed back for 24 hours and was made to react using a water bus. After condensing 
reaction mixture using the rotary evaporator and filling NaHC03 water solution with concentration 
liquid, reduced pressure drying of the product was ****(ed) and carried out, and 0.096 mols (228. 8g, 
96.0% of yield) of 5-hydroxy isophthalic acid diethyl ester were obtained. Furthermore, the obtained 
product was made to recrystallize in ethanol and reduced pressure drying was carried out under heating 
(50-60 degrees C). 

[0046] (Side-chain section monomer: 5 -(4-cyanobenzene azo phenoxy hexyloxy)- Composition of 
isophthalic acid ethyl ester) 0.08 mols (30.9g) of 4-(6-BUROMO hexyloxy)-4'-cyano azobenzenes, 0.08 
mols of 5-hydroxy isophthalic acid diethyl ester, 30.12 mols (16.58g) of K2COs, and 400ml of acetones 
are put into all. three-neck flask, and it flowed back for 24 hours and was made to react using a water 
bus. About 41. pure water was filled with reaction mixture after radiationnal cooling, and reduced 
pressure drying of the precipitate was filtered, taken out and carried out (0.071 mols (38.8g, 89.2% of 
yield)). 5 which is made to recrystallize with an acetone after that and becomes a side-chain section 
monomer -(4-cyanobenzene azo phenoxy hexyloxy)- The crystal of 0.058 mols of isophthalic acid ethyl 
ester (31.4g, 72.2% of yield) was obtained. The melting point of the obtained crystal is 99.0 degrees C, 
and had the absorption peak in 364.2nm. 

[0047] A FTIR spectrum and 1 H-NMR performed identification of a side-chain section monomer. The 
measurement result of FTIR is shown below. 

FTIR(KBr): 2947.7cm-l (CH telescopic motion), 2227.4cm-l(CN)1713.4cm-l (ester C=Q), 1599.7cm- 
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1 (C=C), 1580cm-l (N=N), 1244.8cm-l (C-O-C) 

Moreover, the result of 1 H-NMR analysis of a spectrum is shown in the following table 1 . 

[0048] 

[Table 1] 
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[0049] (Principal-chain section monomer: Composition of the bis(4-hydronalium hexyloxy phenyl) 
ether) 0.3 mols (60.66g) of 4 and 4 , -dihydroxy diphenyl ether, 0.66 mols (90.16g) of 6-chloro-l- 
hexanols, 30.7 mols (97g) of K2COs, and 250ml of N.N-dimethylformamide were mixed, and it heated 
at 160 degrees C using the oil bath, and was made to react for 24 hours. Then, the water containing a 
small amount of hydrochloric acid was filled with reaction mixture, the product was ****(ed) by suction 
filtration, carried out reduced pressure drying, and the bis(4-hydronalium hexyloxy phenyl) ether was 
obtained. Furthermore, the obtained product was made to recrystallize from a water-N.N- 
dimethylformamide system partially aromatic solvent, and the crystal of the bis(4-hydronalium 
hexyloxy phenyl) ether was obtained almost quantitatively. The melting point of the obtained crystal 
was 119 degrees C. 

[0050] A FTIR spectrum and 1 H-NMR performed identification of a principal chain section monomer. 
The measurement result of FTIR is shown below. 

FTIR(KBr, JASCO FT/IR -230): 3312.1cm-l(OH)2936.1cm-l (CH telescopic motion), 1505.2cm-l 
(aromatic series), 1 241. 9cm- 1 (C-O-C) 

Moreover, the result of 1 H-NMR analysis of a spectrum is shown in the following table 2. 

[0051] 

[Table 2] 
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[0052] (Melt polycondensation of the polyester which has an azobenzene in a side chain) Side-chain 
section monomer: 5 -(4-cyanobenzene azo phenoxy HEKISHINOKISHI)- 0.01 mols (5.4361g) of 
isophthalic acid ethyl ester, 0.01 mols (4.0253g) of principal chain section monomer:bis(4-hydronalium 
hexyloxy phenyl) ether, and O.lg of acetic-anhydride zinc were put into the 300ml three-neck flask, and 
it was made to react under nitrogen-gas-atmosphere mind according to the following step of 1-4. 
1) Decompressed to reaction 210Torr (1.33xl03Pa) at about 160 degrees C for 2 hours, chloroform was 
made to dissolve after the 2-hour reaction above-mentioned reaction termination and reaction mixture in 
180 degrees C and 2 - 5Torr (0.27x103 to 0.67x1 03Pa) over reaction 3 30 minutes for 20 minutes by the 
temperature up and reduced pressure 4 180 degree C, and 2 - 5Torr (0.27x103 to 0.67x1 03Pa), and it 
poured into the methanol. Precipitate was filtered and taken out, after carrying out heating washing with 
pure water, with the methanol, heating washing was carried out, reduced pressure drying was carried 
out, and the polyester which has a cyano azobenzene in a side chain was obtained almost quantitatively. 
[0053] The DSC (differential scanning calorimeter) curve of the azo polymer (1) compounded by the 
above-mentioned approach to drawing 1 is shown. Glass transition temperature Tg was 38 degrees C, 
and the melting point Tm was 65 degrees C. Moreover, according to polarization microscope 
observation, the liquid crystal phase was a macromolecule which does not exist but has a birefringence 
in a solid state. 

[0054] Next, the record medium which has the macromolecule layer which consists of an azo polymer 
(1) on a substrate was created. First, the azo polymer (1) compounded by the above-mentioned approach 
was melted by the concentration of 0.8g/ml with chloroform, and carried out the spin coat on the washed 
glass substrate (lOOOrpm, 20 seconds). After making it dry, it heated and quenched to the temperature 
which becomes an isotropic phase, and the macromolecule layer which consists of ah azo polymer (1) 
was formed. It checked that the macromolecule layer formed of polarization microscope observation 
was the isotropic amorphous film. Moreover, it was 1 .5 micrometers when thickness was measured 
using the sensing-pin-type surface roughness meter. 

[0055] The surface relief hologram was formed using this record medium, and the relation between the 
concavo-convex depth (relief depth) and exposure energy was investigated. If in charge of formation of 
a surface relief hologram, while branching to two light waves and making this into body light and a 
reference beam using the 515nm oscillation line of an Ar ion laser, each polarization was mutually made 
into the circular polarization of light of the circumference of reverse. Exposure reinforcement was made 
into 0.5 W/cm2. The crossed axes angle of two light waves was adjusted so that spacing of the grating 
formed might become two kinds which are 1 micrometer and 10 micrometers, and the situation of relief 
development was investigated. A result is shown in drawing 2 . 

[0056] When exposure energy increased so that drawing 2 might show, the relief depth also increased. 
Moreover, the irregularity of the depth exceeding 1 micrometer has been formed in the grating whose 
spacing is 10 micrometers. Moreover, the grating of 1 -micrometer spacing has formed irregularity with a 
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smaller than it depth of about 0.25 micrometers. 

[0057] Thus, in the record medium using an azo polymer (1), induction of the relief deeper than before 
can be carried out. Since Tg of an azo polymer is near the room temperature, this is conjectured to be for 
the molecule migration by optical exposure to take place easily. If the azo polymer of Tg lower than a 
room temperature is used, although induction of the deep relief will be carried out on the other hand at 
the time of an optical exposure, the configuration is not maintained after optical cutoff and the optical 
element with irregularity deep as a result cannot be realized. Therefore, deep relief structures are easy 
and the point acquired by stability, and Tg somewhat higher than a room temperature and the azo 
polymer which shows Tg of the range of 20 degrees C - 50 degrees C preferably are suitable for this 
invention as described above. 

[0058] Next, when changed various thickness of the macromolecule layer which consists of an azo 
polymer (1), two or more record media were produced, the surface relief hologram was formed about 
each record medium and the relation between the relief depth and exposure energy was investigated, it 
was checked that induction of the irregularity of the magnitude same in the range whose thickness of an 
azo polymer is 1 micrometer - 10 micrometers as the case where it is shown in drawing 2 is carried out. 
[0059] Although two or more reports of the example by which induction of the irregularity was carried 
out to the azo polymer layer of lOOnm of thickness numbers by the about dozens to 100-micrometer thin 
film are carried out conventionally, the example which carried out induction of the deep relief structure 
to the thick azo polymer layer exceeding several micrometers is not reported. In this invention, also 
when thickness of an azo polymer layer was thickened with 1 micro - 10 micrometers, it was shown 
clearly that the induction of the irregularity of several micrometers can be effectively carried out from 
hundreds of nm. That is, it found out that very big surface relief structure was generable by using for a 
record medium the azo polymer which has suitable Tg, making the thickness comparatively thick, and 
recording a hologram as described above. And the degree of freedom of a design of an optical element 
was able to be sharply raised by applying this to an optical element. 

[0060] The example (a chemical structure type and its Tg) of other azo polymers which can be used by 
this invention is shown below. These azo polymers are compoundable by the same approach as an azo 
polymer (1). 
[0061] 
[Formula 4] 
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Tg=26.8 c C, Tm=56,4°C 
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[0062] 
[Formula 5] 
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Tg=23.9°C, Tm=62.7°C 
TlMfiJ-*— (3) 



[0063] 
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[0064] 
[Formula 7] 
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[0065] 

[Formula 8] 
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[0067] 

[Formula 10] 
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[0068] As above-mentioned, Tg of the illustrated azo polymer is within the limits of 20 to 50 degrees C, 
and it was checked also in the relief formation experiment that the induction of the deep irregularity can 
be carried out like an azo polymer (1). 

[0069] [Gestalt of an optical element] As shown in drawing 3 (a), the optical element of this invention 
can be constituted so that it may have the azo polymer support 10. In addition, azo polymer support 
consists of only azo polymer layers. The irregularity of the predetermined configuration which has either 
[ at least ] a refraction function or a diffraction function is formed in surface 10a of the azo polymer 
support 10. This irregularity can be formed by irradiating the light of the predetermined wavelength 
which carries out induction of the isomerization of an azo polymer to surface 10a of the azo polymer 
support 10 which is a record medium by predetermined intensity distribution. 

[0070] Moreover, the optical element of this invention may consist of bases 12, such as a glass substrate 
and a plastic plate, and an azo polymer layer 14 formed in this base 12 front face, as shown in drawing 3 
(b). Similarly, the irregularity of the predetermined configuration which has either [ at least ] a refraction 
function or a diffraction function is formed in surface 14a of the azo polymer layer 14. When such 
irregularity irradiates the light of the predetermined wavelength which carries out induction of the 
isomerization of an azo polymer to surface 14a of the azo polymer layer 14 of this record medium by 
predetermined intensity distribution, the irregularity of a predetermined configuration is formed in 
surface 14a. 

[0071] The record medium equipped with the above-mentioned azo polymer layer 14 is producible by 
carrying out the cast of the chloroform solution of an azo polymer for example, on the washed base 12, 
and drying. Moreover, the spin coat of the azo polymer solution may be carried out on a base 12, and the 
azo polymer layer 14 may be formed. Moreover, when using the film-like base 12, an azo polymer 
ingredient can be pasted up on a base 12 with a hotpress, and the azo polymer layer 14 can also be 
formed. 

[0072] The above-mentioned irregularity has either a diffraction function or a refraction function with 
spacing (concavo-convex pitch) in which irregularity is formed. When considering a diffraction 
function, a concavo-convex pitch is equivalent to a lattice spacing lambda. In the wavelength of incident 
light, if the refractive index of lambda and a medium is set to n and an angle of diffraction (2 light-wave 
crossed axes angle of hologram record) is set to theta, a lattice spacing lambda will be given by the 
following formula. 
[0073] 
[Equation 1] 



[0074] For example, if it is the wavelength of lambda= 600nm of incident light, and the refractive index 
n= 1.5 of a medium (azo polymer), as for an angle of diffraction theta, a lattice spacing lambda will 
become small with 0 degree - 7 degrees in 5 micrometers or more, and, as for an angle of diffraction 
theta, a lattice spacing lambda will become large with 90 degrees in 0.5 micrometers, that is, when a 
concavo-convex pitch is to some extent large, an angle of diffraction mainly has the operation by 
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refraction small, and a concavo-convex pitch becomes narrow — it is alike, and it follows and comes to 
have an effective (an angle of diffraction — large) diffraction function. Although extent of a diffraction 
function and a refraction function changes also with the wavelength lambda of incident light, and the 
refractive indexes of an azo polymer somewhat strictly this passage, when a concavo-convex pitch is 
roughly formed at spacing which is 5-100 micrometers, that irregularity has a refraction function, and 
when formed at spacing whose concavo-convex pitch is 0.2-5 micrometers, you may think that that 
irregularity has a diffraction function. Moreover, as for the above-mentioned irregularity, diffraction 
efficiency changes with the depth (concavo-convex depth) in which irregularity is formed. As 
aforementioned, generating of zero-order light decreases as the concavo-convex depth becomes deep, 
and diffraction efficiency improves. 

[0075] In addition, a concavo-convex pitch is spacing of adjoining heights and heights, and the concavo- 
convex depth is the gap of the maximum heights and the maximum crevice. These irregularity pitch and 
the concavo-convex depth can be measured from the observation image by AFM (atomic force 
microscope). What is necessary is just to ask for the average or the distributed range like a speckle 
pattern, when a concavo-convex pitch is not fixed. Moreover, based on the above-mentioned relational 
expression, it can also ask for a concavo-convex pitch from the refractive index n and angle of 
diffraction theta of wavelength lambda and an azo polymer of incident light. 

[0076] [Gestalt of the 1st operation] The optical element of the gestalt of this operation forms in the 
front face of azo polymer support the irregularity (the 1st irregularity) which functions as a lenticular 
lens, and forms in the front face of this irregularity the irregularity (the 2nd irregularity) which has a 
diffraction function at spacing narrower than this irregularity. In addition, the lenticular lens has the 
structure shown in drawing 4 (a). 

[0077] First, as shown in drawing 5 , the light wave 18 which has light and darkness (optical intensity 
distribution shown in drawing 6 ) corresponding to the configuration of a lenticular lens with the space 
optical modulator 16 is generated, and image formation of this light wave 18 is carried out to surface 
10a of the azo polymer support 10 with lenses 20 and 22. Thereby, as shown in drawing 7 (a), 
irregularity 24 is formed in surface 10a of the azo polymer support 10 so that it may have an operation 
of a lenticular lens. 

[0078] As shown in drawing 7 (a), if incidence of the light (incident light) 26 is carried out, the diffused 
light 28 can be acquired from the side by which irregularity 24 was formed in the azo polymer support 
10 in which this irregularity 24 was formed by the refraction function of irregularity 24. The beam 
profile of the diffused light 28 is shown in drawing 7 (b). the diffusion property of the lenticular lens 
shown in drawing 4 (b), and abbreviation ~ it turns out that it has the same diffusion property. 
[0079] Next, as shown in drawing 8 , it branches to two light waves and a laser beam is irradiated as the 
body light 30 and a reference beam 32 at surface 10a in which the irregularity 24 of the azo polymer 
support 10 was formed, respectively. The body light 30 and a reference beam 32 are mutually taken as 
the circular polarization of light of the circumference of reverse. A surface relief hologram is recorded 
efficiently by this, and detailed irregularity is formed in the front face of the irregularity 24 of the azo 
polymer support 10. 

[0080] If it designs so that the primary plus light 34, the primary minus light 36, and the zero-order light 
38 may be diffracted equally when incident light 26 carries out incidence of the surface relief hologram, 
as shown in drawing 9 (a) When incidence of the incident light 26 is carried out to the azo polymer 
support 10 from the side in which irregularity 24 was formed, the diffused light (the primary plus light 
34, the primary minus light 36, and zero-order light 38) of trifurcation is generated, and the beam of a 
diffusion angle shown in drawing 9 (b) can be obtained. 

[0081] While the same refraction effectiveness as a lenticular lens is acquired with the irregularity 
formed in the front face of azo polymer support by the optical element of the gestalt of this operation as 
above, the diffraction effect can be acquired with the detailed irregularity formed in the front face of this 
irregularity. Moreover, since both the refraction effectiveness and the diffraction effect are acquired, a 
complicated beam profile can be obtained according to an application. Furthermore, by irradiating the 
optical pattern of arbitration and carrying out induction of the irregularity of a request configuration to a 
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front face, irregularity can be formed in a front face and an optical element can be manufactured simple 
and cheaply. 

[0082] [Gestalt of the 2nd operation] It forms an azo polymer layer in the concavo-convex (the 1st 
irregularity) field of a lenticular lens, and forms the irregularity (the 2nd irregularity) which has a 
diffraction function at spacing narrower than the irregularity of a lens on the front face of this azo 
polymer layer further while the lenticular lens which is a dioptrics component as a base is used for the 
optical element of the gestalt of this operation. 

[0083] First, as shown in drawing 10 , the coat of the azo polymer is carried out to homogeneity, and the 
azo polymer layer 14 is formed in the concave convex of lenticular lens 12A of a quartz. The azo 
polymer layer 14 is formed along with the irregularity of a lenticular lens 12A front face. This lenticular 
lens has the structure shown in drawing 4 (a), and as shown in drawing 4 (b), it diffuses incident light so 
that mesial magnitude full width may become 10 degrees. 

[0084] Next, as shown in drawing 1 1 , it branches to two light waves and a laser beam is irradiated as 
the body light 30 and a reference beam 32 at surface 14a of the azo polymer layer 14, respectively. The 
body light 30 and a reference beam 32 are mutually taken as the circular polarization of light of the 
circumference of reverse. A surface relief hologram is recorded efficiently by this, and detailed 
irregularity is formed in surface 14a of the azo polymer layer 14. 

[0085] If it designs so that the primary plus light 34, the primary minus light 36, and the zero-order light 
38 may be diffracted equally when incident light 26 carries out incidence of the surface relief hologram, 
as shown in drawing 12 (a) When incidence of the incident light 26 is carried out to the azo polymer 
layer 14 from the side in which irregularity 24 was formed, the diffused light (the primary plus light 34, 
the primary minus light 36, and zero-order light 38) of trifurcation is generated, and the beam of a 
diffusion angle shown in drawing 12 (b) can be obtained. 

[0086] While the refraction effectiveness is acquired with a lenticular lens by the optical element of the 
gestalt of this operation as above, the diffraction effect can be acquired with the detailed irregularity 
formed in the front face of an azo polymer layer. Moreover, since both the refraction effectiveness and 
the diffraction effect are acquired, a complicated beam profile can be obtained according to an 
application. Furthermore, by irradiating the optical pattern of arbitration and carrying out induction of 
the irregularity of a request configuration to a front face, irregularity can be formed in a front face and 
an optical element can be manufactured simple and cheaply. 

[0087] In addition, although the example which uses the lenticular lens of a quartz above was explained, 
as long as it is insoluble as a dioptrics component to the solvent which dissolves the above-mentioned 
azo polymer, the thing of what kind of medium may be used, and what kind of forms, such as the 
spherical surface, the aspheric surface, and a concave lens, are sufficient also as the configuration. 
[0088] [Gestalt of the 3rd operation] It forms an azo polymer layer in the concavo-convex (the 1st 
irregularity) field of a lenticular lens, and forms the irregularity (the 2nd irregularity) which has a 
refraction function at spacing narrower than the irregularity of a lens on the front face of this azo 
polymer layer further while the lenticular lens which is a dioptrics component as a base is used for the 
optical element of the gestalt of this operation. 

[0089] First, like the gestalt of the 2nd operation, the coat of the azo polymer is carried out to 
homogeneity, and the azo polymer layer 14 is formed in the concave convex of lenticular lens 12A of a 
quartz. The azo polymer layer 14 is formed along with the irregularity of a lenticular lens 12A front 
face. This lenticular lens has the structure shown in drawing 4 (a), and as shown in drawing 4 (b), it 
diffuses incident light so that mesial magnitude full width may become 10 degrees. 
[0090] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 13 . That is, the diffused light 50 by which is 
made to carry out incidence of the laser beam 42 from the light source 40 to a diffuser 48 as the circular 
polarization of light 46 with the quarter-wave length plate 44, and outgoing radiation is carried out 
behind a diffuser 48 is irradiated at surface 14a of the azo polymer layer 14. Thereby, as shown in 
drawing 14 , the irregularity 52 according to a speckle pattern is formed in the azo polymer layer 14. 
[0091] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
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shown in drawin g 15 . Horizontally it is the direction where the cylindrical side of a lenticular lens is 
located in a line, and, perpendicularly, is the direction which intersects perpendicularly with this here. A 
continuous line shows the diffusion property after a speckle pattern imprint, and a dotted line shows the 
diffusion property before a speckle pattern imprint. The direction of the optical element which formed 
the irregularity 52 according to a speckle pattern in the azo polymer layer 14 excels [ whenever / 
diffusion angle ] in the diffusion property greatly so that drawing 15 may show. 
[0092] The more excellent refraction effectiveness can be acquired being able to acquire the refraction 
effectiveness and pressing down the thickness of a component also with the detailed irregularity formed 
in the front face of an azo polymer layer, while the refraction effectiveness is acquired with a lenticular 
lens by the optical element of the gestalt of this operation as above. Moreover, by irradiating the optical 
pattern of arbitration and carrying out induction of the irregularity of a request configuration to a front 
face, irregularity can be formed in a front face and an optical element can be manufactured simple and 
cheaply. 

[0093] In addition, although the example which uses the lenticular lens of a quartz above was explained, 
other dioptrics components may be used like the gestalt of the 2nd operation. 

[0094] Moreover, although the example which imprints the speckle pattern obtained from the diffuser 
above was explained, the light of the intensity distribution corresponding to a computer generated 
hologram or kino form is irradiated, and the irregularity according to these intensity distributions can 
also be formed. A computer generated hologram is a hologram recorded with the light of the intensity 
distribution which calculate the interference fringe produced by body light and the reference beam, and 
are equivalent to a count result. A computer generated hologram is explained in full detail in an 
example. Kino form is reinforcement or not the polarization direction but the hologram which recorded 
phase distribution. 

[0095] When mass-producing the [manufacture approach suitable for mass production method], next the 
duplicate object of the optical element of this invention, the suitable manufacture approach is explained. 
The optical element of this invention is characterized by forming in the front face of azo polymer 
support or an azo polymer layer the irregularity of the predetermined configuration which has either [ at 
least ] a refraction function or a diffraction function as above-mentioned. Therefore, the optical element 
equipped with the shape of same toothing can be reproduced by imprinting the irregularity formed in the 
front face. 

[0096] For example, the metal mold (metal master) of the negative of this optical element is producible 
by performing electric conduction processing to an optical element by golden vacuum evaporationo or 
electroless deposition, and performing electrocasting, such as nickel, like the production process of a 
compact disk, using the optical element which irradiated the optical pattern of arbitration and carried out 
induction of the irregularity of a request configuration to the front face of azo polymer support or an azo 
polymer layer. Based on this metal mold, a pattern can be imprinted into resin ingredients, such as an 
acrylic, Pori Karr Nate, and polyester, and a duplicate object (optical element) can be obtained by 
thermocompression bonding, injection-molding processing, etc. into them. 

[0097] Below, the production process of a duplicate object is explained. First, like the gestalt of the 1st 
operation, as shown in drawing 16 (A), while irregularity 24 is formed in surface 10a of the azo polymer 
support 10, the optical element by which detailed irregularity was formed in the front face of irregularity 
24 is produced. Next, as shown in drawing 16 (B), gold is vapor-deposited to surface 10a in which the 
irregularity 24 and the detailed irregularity of this optical element were formed, and the thin film deposit 
54 is formed in it (mastering process). 

[0098] Next, the metal master 56 which formed the metal master 56 of predetermined thickness by 
nickel electrocasting on the thin film deposit 54, and was formed by drawing 16 (D) is exfoliated from 
the thin film deposit 54 in drawing 16 (C). By drawing 16 (E), a mother 58 is formed by nickel 
electrocasting on this metal master 56 that exfoliated, and a mother 58 is exfoliated from a metal master 
56 in drawing 17 (A). By drawing 1 7 (B), La Stampa 60 is formed by nickel electrocasting on the 
mother 58 who exfoliated, by drawing 17 (C), it exfoliates from a mother 58 and La Stampa 60 
completes La Stampa 60 (La Stampa making process). This La Stampa 60 is equipped with the 
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irregularity corresponding to the irregularity 24 and the detailed irregularity which were formed in 
surface 10a of the azo polymer support 10. 

[0099] Next, as shown in drawing 17 (D), the polyester resin 65 which attached and carried out 
thermofusion of this La Stampa 60 to the injection molding machine which consists of a cover half 62 
and a migration mold 64 is poured in by the high-pressure force from an inlet (not shown), and injection 
molding is performed. Finally, as shown in drawing 17 (E), the temperature of an injection molding 
machine falls and the optical element 66 made of polyester resin is taken out in the place which resin 
hardened. The irregularity of the same configuration as the irregularity 24 and the detailed irregularity 
which were formed in surface 10a of the azo polymer support 10 is formed in surface 66a of the taken- 
out optical element 66 (imprint forming cycle). 

[0100] By the above-mentioned approach, since La Stampa is produced from an optical element and a 
duplicate object is manufactured with thermocompression bonding or injection molding using this La 
Stampa, it is suitable for producing a duplicate object in large quantities. 

[0101] As explained above, the optical element of this invention can acquire the outstanding refraction 
effectiveness and/or the outstanding diffraction effect with the irregularity formed in the front face of the 
macromolecule layer which consists of an azo polymer. Since it has the ftmction of both a diffraction 
component and a refraction component in acquiring the diffraction effect especially in addition to the 
refraction effectiveness, it is effective in obtaining the beam of the configuration of arbitration, and 
application of [ besides an optical bus system / spectroscope / an image formation optical element, a 
super resolution lens, / variably ] can be expected. 

[0102] Moreover, when using the azo polymer near the room temperature which has the desirable glass 
transition point of an elevated temperature [ room temperature ], easy and the refraction effectiveness 
which was excellent while it could form in stability and the degree of freedom of a design improved, 
and/or the outstanding diffraction effect can be acquired for the irregularity of sufficient depth for the 
front face of a macromolecule layer. 

[0103] Moreover, according to the manufacture approach of the optical element of this invention, by 
irradiating the optical pattern of arbitration, such as an interference fringe of light, a speckle pattern, and 
a computer generated hologram, induction of the complicated irregularity can be carried out easily, and 
an optical element can be produced that it is simple and cheaply. Furthermore, according to the 
manufacture approach of the optical element duplicate object of this invention, it is also possible to 
produce La Stampa based on this optical element, and to manufacture a duplicate object in large 
quantities using La Stampa. Moreover, according to the obtained optical element duplicate object, the 
outstanding refraction effectiveness and/or the outstanding diffraction effect can be acquired like the 
optical element of this invention. 

[0104] In addition, although the example which prepares above the irregularity which has a refraction 
function for dioptrics components, such as a lens, and the irregularity which has a diffraction function 
was explained, the irregularity which has a refraction function in other optical elements, such as a 
polarizing plate, a wavelength plate, and a reflecting plate, and the irregularity which has a diffraction 
function can also be prepared. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Next, although an example explains this invention to a detail further, this invention is not 
limited to the following examples. 

(Example 1) This example explains the example which produced the optical element suitable as an 
optical diffusion branching component used for an optical data bus and a signal processor which are 
indicated by JP, 10-282371, A with reference to drawing 18 and drawing 19 . 

[0106] As an azo polymer, the polyester (instantiation compound: azo polymer (2)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (2) is 26.8 
degrees C, and is suitable for this invention. This azo polymer (2) was applied to transparence glass 
substrate 12B by the thickness of 1.5 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0107] While irradiating surface 14a of the azo polymer layer 14 as a body light 30, the space optical 
modulator 16 having generated the light wave (optical intensity distribution shown in drawing 18 (a)) 
which spread horizontally using the optical system shown in drawing 18 (b), and condensing this light 
wave with a lens 70, the parallel reference beam 32 was irradiated by the beam splitter 72 at 
coincidence. The body light 30 and a reference beam 32 were mutually set as the circular polarization of 
light of the circumference of reverse. A surface relief hologram is recorded efficiently by this, and 
detailed irregularity is formed in surface 14a of the azo polymer layer 14. The concavo-convex pitch 
was 0.8-2.0 micrometers. 

[0108] The condition of surface 14a is expanded and shown in drawing 19 . As shown in drawing 19 , 
induction of the surface relief hologram 1 micrometers or more was carried out for the concavo-convex 
depth by recording with sufficient exposure energy. Consequently, when incidence of the light was 
carried out to the obtained optical element, the zero-order diffracted light hardly appeared, but the 
diffused light of the optical intensity distribution shown in drawin g 18 (a) was able to be acquired. 
Therefore, this optical element is suitable as an optical diffusion branching component for above- 
mentioned optical data buses. 

[0109] (Example 2) This example explains the optical diffusion branching component used suitable for 
an optical data bus and a signal processor which are indicated by JP, 10-282371, A, and its production 
approach with reference to drawing 20 - drawing 22 . 

[0110] As an azo polymer, the polyester (instantiation compound: azo polymer (3)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (3) is 48.5 
degrees C, and is suitable for this invention. This azo polymer (3) was applied to transparence glass 
substrate 12B by the thickness of 8.0 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0111] Drawing 20 is the optical intensity distribution for carrying out induction of the lenticular lens of 
a random pitch to the front face of an azo polymer layer in 5-100 micrometers. The light wave of the 
optical intensity distribution shown in drawing 20 was generated using the optical system shown in 
drawing 5 , and the front face of an azo polymer layer was irradiated. The light wave at this time was set 
as the circular polarization of light. Irregularity is formed in the front face of an azo polymer layer so 
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that this may have an operation of the above-mentioned lenticular lens. 

[0112] The concavo-convex depth shows the surface state of an azo polymer layer to drawing 21 . By 
recording with sufficient exposure energy, as shown in drawing 21 , induction of the surface relief 
hologram whose concavo-convex depth is a maximum of 1 .2 micrometers was carried out. 
[0113] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
shown in drawing 22 . Horizontally, there is no zero-order transmitted light and the beam has diffused it 
in homogeneity so that drawing 22 may show. On the other hand, since the beam did not spread 
perpendicularly, this optical element showed good non-isotropic diffusion. That is, in this example, the 
dioptrics component which equipped the front face with the shape of toothing of arbitration can be 
produced easily, and a desired diffusion property can be acquired. 

[0114] (Example 3) By this example, a speckle pattern is imprinted on the front face of an azo polymer 
layer from a diffuser, irregularity is formed in it, and the example which produced the optical element is 
explained. 

[0115] When volume hologram record of the speckle pattern which a diffuser is made to penetrate 
coherent light and is produced behind a diffuser is carried out, it is known that the hologram itself shows 
a diffusion property. For example, the hologram diffuser by which the diffusion boundary where a 
refractive index changes gently using this effectiveness was recorded on JP,4-299303,A is indicated. On 
the other hand, this example explains how to record not refractive-index change but a speckle pattern on 
the front face of a direct azo polymer layer as irregularity. 

[0116] As an azo polymer, the polyester (instantiation compound: azo polymer (5)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (5) is 37.8 
degrees C, and is suitable for this invention. This azo polymer (5) was applied to transparence glass 
substrate 12B by the thickness of 3.0 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0117] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 23 . That is, incidence of the laser beam 42 
from the light source 40 was carried out to the diffuser 48 as the circular polarization of light 46 with the 
quarter-wave length plate 44, using 488nm of oscillation lines of an Ar ion laser as the light source 40. 
The non-isotropic-diffusion object which generates the diffused light of an ellipse as a diffuser 48 was 
used. The record medium has been arranged behind [ 5mm ] a diffuser 48, and the diffused light 50 by 
which outgoing radiation is carried out from a diffuser 48 was irradiated at surface 14a of the azo 
polymer layer 14. The speckle pattern of optical on-the-strength 2.2 W/cm2 was irradiated for 8 hours so 
that induction of the irregularity might fully be carried out to the azo polymer layer 14. The optical 
element (diffuser) by which the irregularity according to a speckle pattern was formed by this in surface 
14a of the azo polymer layer 14 was obtained. 

[0118] The result of having observed the concavo-convex pattern by which induction was carried out to 
drawing 24 at surface 14a of the azo polymer layer 14 by AFM (atomic force microscope) is shown. The 
maximum of the concavo-convex depth is about 1 micrometer, and the concavo-convex pitch became 
the configuration where during 100 micrometers [ 5 micrometers - ] of abbreviation was distributed 
focusing on 50 micrometers. Thus, the speckle pattern was imprinted by the azo polymer layer 14 as 
irregularity. 

[0119] Next, the diffusion property of this diffuser was evaluated. The diffusion property of the 
horizontal and the perpendicular direction of this optical element is shown in drawing 25 . As drawing 
25 showed, the zero-order transmitted light did not have diffusion of the azo polymer layer 14, and it 
was non-isotropic diffusion. The diffusion property of this optical element is produced according to the 
refraction effectiveness by the irregularity formed in the front face. 

[0120] Thus, in this example, the optical element (diffuser) which has a refraction function with the 
irregularity of the front face instead of refractive-index distribution is producible. Furthermore, the 
irregularity of this optical element can be imprinted mechanically, La Stampa can be produced, and it 
has the merit that the optical element equipped with the shape of same toothing using this La Stampa 
can be mass-produced. 
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[0121] (Example 4) By this example, in order to give the diffraction effect to the optical element of the 
refraction mold produced in the example 2, still more detailed irregularity is formed in the front face of 
the irregularity formed in the front face of an azo polymer layer, and the example which produced the 
optical element is explained. 

[0122] Using 488nm of oscillation lines of an Ar ion laser as the light source, on the front face in which 
the irregularity of the azo polymer layer of the optical element produced in the example 2 was formed, it 
branches to two light waves and a laser beam is irradiated as body light and a reference beam. 
Polarization of body light and a reference beam was mutually made into the circular polarization of light 
of the circumference of reverse with the quarter- wave length plate. The surface relief hologram could be 
efficiently produced by this polarization arrangement, and 1 micrometer or less and the concavo-convex 
depth were able to form [ the concavo-convex pitch ] the detailed irregularity of 200nm or less in the 
front face of the irregularity formed in the azo polymer layer. 

[0123] By adjusting the exposure energy of record light (body light and reference beam), it carried out 
as [ diffract / primary plus light, primary minus light, and zero-order light / equally ]. Thereby, as shown 
in drawing 9 (a), the diffused light of trifurcation is generated. The beam profile of the diffused light in 
this case is as being shown in drawing 9 (b). 

[0124] Thus, in this example, the diffraction effect can be added by adding detailed irregularity to the 
front face of irregularity equipped with a refraction function. Moreover, in the optical element of this 
example, since both the refraction effectiveness with a lenticular lens and the diffraction effect by the 
detailed irregularity formed in the front face of an azo polymer layer are acquired, a complicated beam 
profile can be obtained according to an application. 

[0125] In addition, the diffraction effect can be given by the same approach also about the optical 
element of the refraction mold produced in the example 3. 

[0126] (Example 5) This example explains the example which produced the optical element suitable as 
an optical diffusion branching component used for em optical data bus and a signal processor which are 
indicated by JP, 10-282371, A with reference to drawing 26 - drawing 28 . 

[0127] As an azo polymer, the polyester (instantiation compound: azo polymer (6)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (6) is 33.1 
degrees C, and is suitable for this invention. 

[0128] First, the chloroform solution of an azo polymer (6) was applied to the concave convex of 
lenticular lens 12A with the spin coat. Thickness of the azo polymer layer 14 was set to 1 micrometer at 
this time. The azo polymer layer 14 was formed along with the irregularity of a lenticular lens 12A front 
face. As a lenticular lens, the lenticular lens of the quartz shown in drawing 4 (a) was used. As shown in 
drawing 4 (b), as for this lens, mesial magnitude full width diffuses 10 degrees of incident light. 
Moreover, the pitch of the irregularity of a lenticular lens is 166 micrometers, and the concavo-convex 
depth is 50 micrometers. 

[0129] Next, in order to form in a Top Hat-like beam the diffusion angle of the lenticular lens of the 
quartz shown in drawing 4 (a), a surface relief hologram is produced using the optical system shown in 
drawing 27 . First, the space optical modulator 16 generated the light wave of the optical intensity 
distribution shown in drawing 26 (a). This light wave is beforehand designed so that the diffused light 
by lenticular lens 12A may be transformed into optical Top Hat-like intensity distribution. 
[0130] While irradiating as a body light 30, condensing the generated light wave with a lens 70, the 
parallel reference beam 32 was irradiated by the beam splitter 72 at coincidence. The body light 30 and a 
reference beam 32 carried out incidence to surface 14a of the azo polymer layer 14 from surface 14b of 
the opposite side on the abbreviation same axle. The body light 30 and a reference beam 32 were 
mutually set as the circular polarization of light of the circumference of reverse. Moreover, exposure 
energy was adjusted so that the diffraction efficiency of a relief hologram might serve as 50% of 
abbreviation. A surface relief hologram is recorded by this and detailed irregularity is formed in surface 
14a of the azo polymer layer 14. The concavo-convex pitch was 0.5-2.0 micrometers, and the concavo- 
convex depth was 200nm or less. 

[0131] Next, incidence of the light was carried out from the surface 14a side of the azo polymer layer 
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14, and the hologram was reproduced. That is, among the light which carried out incidence, a half light 
was diffracted with the surface relief hologram, was refracted with the lenticular lens after that, and was 
diffused. Moreover, the light of the remaining one half which is not diffracted by the hologram was 
diffused with the lenticular lens as it was. As shown in drawing 28 , when these two diffused lights were 
put together, the Top Hat-like diffused light was able to be acquired as a result. 
[0132] Thus, at this example, a half light is diffused by the dioptrics component, and the light of the 
remaining one half is generated with a diffracted-light study component so that the diffused light may be 
compensated. Therefore, it is suitable as an optical diffusion branching component for above-mentioned 
optical data buses. 

[0133] (Example 6) By this example, a computer generated hologram is imprinted on the front face of an 
azo polymer layer, irregularity is formed in it, and the example which produced the optical element is 
explained. 

[0134] First, a computer generated hologram is explained. Theoretically, if both complex amplitude of 
the light in the input screen of a computer generated hologram, i.e., a phase and the real amplitude, is 
decided, the complex amplitude in the output screen of a computer generated hologram can be decided. 
Analytical conversion relation can describe the relation of these two complex amplitude, and when both 
are seldom approaching, it has the relation of the Fourier transform. However, implementation of the 
component which modulates both a phase and the amplitude is difficult, and it is common that only the 
amplitude modulates only a phase. In the modulation of only a phase or the amplitude, there is no 
unique relation between a desired output and a computer generated hologram, and it cannot but depend 
on a retrieval-optimization technique. 

[0135] Gerchberg-Saxton which performs the Fourier transform as the technique of optimization 
repeatedly until it converges — there are an approach using the technique of neural networks, such as law 
and the SHUMIRETTEDDO annealing method, an approach using a genetic algorithm, etc. a pattern 
simple here - Gerchberg-Saxton with comparatively quick convergence - the computer generated 
hologram was computed using law. 

[0136] Drawing 29 (b) is the optical intensity distribution in an output screen, and drawing 29 (a) is a 
computer generated hologram in the input screen for forming it. The computer generated hologram 
expresses phase distribution in an input screen, a white part corresponds to phase contrast pi, and the 
black part supports phase contrast-pi. In this example, an azo polymer is irradiated as a shade image as 
shows a phase contrast pattern to drawing 29 (b), and induction of the front face is carried out in a bright 
part. The phase of incident light is modulated according to this relief structure by which induction was 
carried out. Therefore, it is necessary to carry out induction of the irregularity equal to the phase contrast 
corresponding to a computer generated hologram. 

[0137] Image formation of this computer generated hologram was reduced and carried out to surface 10a 
of the azo polymer support 10 according to the optical system shown in drawing 5 . As an azo polymer, 
the polyester (instantiation compound: azo polymer (7)) which has a cyano azobenzene in a side chain 
was used. The glass transition temperature Tg of this azo polymer (7) is 38 degrees C, and is suitable for 
this invention. The maximum of the concavo-convex depth was about 1 micrometer, and the concavo- 
convex minimum pitch was about 1 micrometer. 

[0138] Thus, the computer generated hologram was imprinted by azo polymer support as irregularity. 
The result of having observed the front face of azo polymer support by AFM is shown in drawing 32 . 
Moreover, incidence of the light is carried out to the obtained optical element, and the result of having 
evaluated the outgoing radiation light is shown in drawing 30 . In spite of having designed the computer 
generated hologram to four branching, outgoing radiation light became the light wave of 5 branching 
with the zero-order diffracted light from drawing 30 . Since induction of the irregularity equivalent to 
phase contrast pi was not carried out to the front face of azo polymer support, this originates in 100% of 
diffraction efficiency not having been acquired. 

[0139] Next, in order to give a lens property to the obtained optical element, the computer generated 
hologram irradiated the light-and-darkness image corresponding to the configuration of the lenticular 
lens shown in drawing 6 on the front face of the azo polymer support imprinted as irregularity. At this 
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time, the optical system shown in drawing 5 was used. Induction of the irregularity was carried out to 
the azo polymer so that it might have an operation of a lenticular lens by this. The concavo-convex pitch 
was 10 micrometers. When incidence of the light was carried out to the obtained optical element, the 
diffused light of 5 branching of a mode profile shown in drawing 3 1 was able to be acquired. 
[0140] (Example 7) This example explains the example which produced the metal master for 
reproducing an optical element using the optical element produced in the example 3 and the example 6. 
[0141] Conductive processing is performed to the front face (correctly an azo polymer layer or the front 
face of azo polymer support) in which the irregularity of an optical element was formed by vacuum 
evaporationo or electroless deposition. Next, the metal master which is the metal mold of the negative of 
an optical element is producible with nickel electrocasting etc. If the metal master by which irregularity 
was imprinted by the precision can be obtained, the rest can obtain a duplicate object easily by 
producing La Stampa using this metal master, and imprinting a concavo-convex pattern by 
thermocompression bonding, injection-molding processing, etc. into resin ingredients, such as an 
acrylic, Pori Karr Nate, and polyester, using this La Stampa. 

[0142] Drawing 33 (a) and (b) are the AFM images on the front face of a metal master produced using 
the optical element obtained in the example 3. Irregularity performed electroless deposition to the front 
face of the azo polymer layer by which induction was carried out, and produced after that the metal 
master which is metal mold by nickel electrocasting. By comparing drawing 33 (a), and (b) and drawing 
24 shows that the shape of surface type of an azo polymer layer is correctly imprinted by the metal 
master. 

[0143] Drawing 34 (a) and (c) are the AFM images of the azo polymer layer front face of the optical 
element obtained in the example 6, and drawing 34 (b) and (d) are the AFM images on the front face of 
a metal master produced using this. Irregularity gave golden vacuum evaporationo to the front face of 
the azo polymer layer by which induction was carried out, and produced the metal master by nickel 
electrocasting after that. Drawing 34 (a) - (d) shows that the shape of surface type of an azo polymer 
layer is correctly imprinted by the metal master. 

[0144] Therefore, even if it is the optical element equipped with complicated irregularity by 
manufacturing an optical element by the above-mentioned approach using this metal master, that 
duplicate can be mass-produced to simple and low cost. 

[0145] (Example 8) This example explains the example which imprinted the speckle pattern from a 
diffuser on the front face of the azo polymer layer formed in the front face of a lenticular lens, formed 
irregularity in it, and produced the optical element. 

[0146] As an azo polymer, the polyester (instantiation compound: azo polymer (4)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (4) is 48.5 
degrees C, and is suitable for this invention. 

[0147] First, the chloroform solution of an azo polymer (4) was applied to the concave convex of 
lenticular lens 12A with the spin coat, and the azo polymer layer 14 with a thickness of 3 micrometers 
was formed. The azo polymer layer 14 was formed along with the irregularity of a lenticular lens 12A 
front face. As a lenticular lens, the lenticular lens of the quartz shown in drawing 4 (a) was used. As 
shown in drawing 4 (b), as for this lens, mesial magnitude full width diffuses 10 degrees of incident 
light. Moreover, the pitch of the irregularity of a lenticular lens is 166 micrometers. 
[0148] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 13 . That is, incidence of the laser beam 42 
from the light source 40 was carried out to the diffuser 48 as the circular polarization of light 46 with the 
quarter-wave length plate 44, using 488nm of oscillation lines of an Ar ion laser as the light source. The 
non-isotropic-diffusion object which generates the diffused light of an ellipse as a diffuser 48 was used. 
The record medium equipped with the azo polymer layer 14 behind [ 5mm ] the diffuser 48 has been 
arranged, and the diffused light 50 by which outgoing radiation is carried out behind a diffuser 48 was 
irradiated at surface 14a of the azo polymer layer 14. The speckle pattern of optical on-the-strength 2.2 
W/cm2 was irradiated for 8 hours so that induction of the irregularity might fully be carried out to 
surface 14a of the azo polymer layer 14. Thereby, as shown in drawing 14 , the optical element 
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(diffuser) by which the irregularity 52 according to a speckle pattern was formed in the azo polymer 
layer 14 was obtained. In addition, the maximum of the concavo-convex depth of irregularity 52 is about 
1 micrometer, and the concavo-convex pitch became the configuration where it was distributed over the 
range of 100 micrometers [ 5 micrometers - ] of abbreviation focusing on 50 micrometers. 
[0149] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
shown in drawing 15 . A continuous line shows the diffusion property after a speckle pattern imprint, 
and a dotted line shows the diffusion property before a speckle pattern imprint. The direction of the 
optical element which formed the irregularity 52 according to a speckle pattern in the azo polymer layer 
14 is excellent in the diffusion property so that drawing 15 may show. That is, the diffusion property 
improved according to the-like secondary refraction effectiveness by the irregularity 52 formed in the 
front face of the azo polymer layer 14. 

[0150] Moreover, in this example, not refractive-index distribution but the diffusion component by 
surface irregularity is producible. Therefore, the irregularity on this front face of an optical element is 
imprinted mechanically, the master diffuser of a negative is produced, and there is a merit that a 
duplicate object can be mass-produced based on this master diffuser. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is equipped with the macromolecule layer which has an 
azobenzene frame about the manufacture approach of the manufacture approach of an optical element 
and an optical element, an optical element duplicate object, and an optical element duplicate object, and 
relates to the manufacture approach of the optical element which has either [ at least ] a refraction 
function or a diffraction function, the manufacture approach of the optical element, the duplicate object 
of the optical element, and an optical element duplicate object. 
[0002] 

[Description of the Prior Art] Conventionally, in the field of an optical instrument, the optical element 
(dioptrics component) using optical refraction, such as a convex lens, a concave lens, and prism, has 
been used widely. Recently, production of a micro-lens array, a lenticular lens, etc. is also attained by 
development of ultra-fine processing technology, and the dioptrics component is used in various 
applications from lighting to optical communication. 

[0003] For example, the signal processor using the optical data bus equipped with the lenticular lens and 
this optical data bus is indicated by JP, 10-282371, A. This optical data bus 10 forms two or more 
cylindrical sides (lenticular lens) 12 arranged along with edge 11a which makes the optical data bus 10 
interior diffuse the signal light 15 which carried out incidence to one edge 1 la of the signal light 
incidence section 1 1, as shown in drawing 35 (a) and (b). Since the cylindrical side 12 diffuses the 
signal light 15 by which incidence was carried out to the optical data bus 10 over the whole surface of 
edge 14a by the side of the signal light outgoing radiation section 14 with the diffusion means which 
comes to carry out two or more arrays, the signal light left besides the optical transmission layer 13 
among signal light is stopped to the minimum. The transmission efficiency of the signal light 15 
becomes high by this, and dispersion in the amount of outgoing radiation in edge 14a by the side of the 
signal light outgoing radiation section 14 decreases. For this reason, low consumption electrical 
quantity-ization can be attained in the signal processor using the optical data bus 10. 
[0004] 

[Problem(s) to be Solved by the Invention] However, dioptrics components, such as a lens, are equipped 
only with the function of comparatively simple condensing or optical diffusion. For example, in an 
above-mentioned optical data bus, signal light is only diffused with the lenticular lens. On the other 
hand, when Holographic Optical Element (HOE) which is a diffracted-light study component using the 
diffracted-light study component which used the diffraction of light instead of and a hologram is used, a 
complicated light wave can be generated. [ the dioptrics component ] 

[0005] For example, in the above-mentioned optical data bus 10, as shown in drawing 35 (c) The signal 
light 15 by which incidence was carried out to it in the optical data bus 10 when the diffusion plate 20 
had been arranged to one edge 1 la of the signal light incidence section 1 1 as a diffracted-light study 
component instead of the lenticular lens It diffracts with the diffusion plate 20, and it is spread, while 
branching so that it may condense to the predetermined output port (for example, output ports 14b and 
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14c) established in edge 14a by the side of the signal light outgoing radiation section 14. 
[0006] According to the diffracted-light study component this passage, an incident wave side is 
convertible for the wave front designed to arbitration. Moreover, the diffracted-light study component 
had the variance contrary to a refraction mold lens, and since it does not have thickness substantially, it 
is equipped with the advantage which is not in a dioptrics component ~ optical system becomes 
compact. On the other hand, in order [ the ] to use the diffraction of light, there is a trouble of diffraction 
efficiency essentially falling compared with a dioptrics component according to generating of zero-order 
light with large wavelength dispersion with large constraint of alignment. 

[0007] moreover, as the production approach of a diffracted-light study component of having used the 
hologram Photofabrication of surfaces for holograms, As indicated by Sukant Tripathy, Dong-Yu Kim, 
Lian Li, and Jayant Kumar, and CHEMTECH MAY (1998) pp.34-40. The approach of forming in a 
medium front face the surface relief hologram with which induction of the detailed irregularity was 
carried out by recording a hologram on this record medium is learned using the record medium which 
consists of a macromolecule (azo polymer) which has an azobenzene frame. 

[0008] Using the laser light source of the wavelength which has sensibility in an azo polymer, two light 
waves are made to interfere and, specifically, the surface relief hologram of a submicron pitch is formed 
on the surface of a record medium. Although the HOE production process in which the usual semi- 
conductor process is used needs many processes in order to repeat a pattern design, exposure, and 
development two or more times, by the above-mentioned approach, it can skip many processes and can 
reduce a manufacturing cost sharply. Moreover, since the relief depth of the surface relief hologram 
formed increases in proportion to exposure energy, production of an ideal diffracted-light study 
component from which irregularity changed gently is possible for it. 

[0009] However, the relief depth obtained by the above-mentioned approach is about several lOOnm, 
when forming a surface relief hologram and using it as a diffracted-light study component, sufficient 
relief depth is not obtained, but the zero-order light which is not diffracted occurs and the practical 
problem that diffraction efficiency falls usually generates it. 

[0010] Although there is an advantage that the degree of freedom of a design is large in the diffracted- 
light study component containing HOE as stated above, there are problems, like in order to use the 
diffraction of light, constraint of alignment is essentially large, and wavelength dispersion is large. On 
the other hand, although the degree of freedom of a design is small, dioptrics components, such as a 
lens, have little constraint of alignment, wavelength dispersion is small for them, and the problem by 
zero-order light has the advantage (robustness of a dioptrics component) of not generating in them. 
[001 1] This invention is made in view of the above-mentioned trouble, and the 1st purpose of this 
invention is to offer the optical element which can acquire the outstanding refraction effectiveness or the 
outstanding diffraction effect with the irregularity formed in the front face. The 2nd purpose of this 
invention is to offer the optical element which can obtain the light beam of the configuration of 
arbitration according to the refraction effectiveness and the diffraction effect. It is to offer the optical 
element which can acquire the outstanding refraction effectiveness and/or the outstanding diffraction 
effect while the degree of freedom of the purpose [ 3rd ] of this invention of a design improves by 
forming the irregularity (relief structure) of sufficient depth for a front face. 

[0012] The 4th purpose of this invention is by irradiating the optical pattern of arbitration and carrying 
out induction of the irregularity of a request configuration to a front face to offer the manufacture 
approach of an optical element that the optical element by which irregularity was formed in the front 
face can be manufactured simple and cheaply. Using the optical element by which irregularity was 
formed in the front face, the 5th purpose of this invention can reproduce easily the optical element of the 
shape of same surface type, and is to offer the optical element duplicate object obtained by the 
manufacture approach and approach of the suitable optical element duplicate object for mass production 
method. 
[0013] 

[Means for Solving the Problem] In order to attain the 1st above-mentioned purpose, an optical element 
according to claim 1 is equipped with the macromolecule layer which has an azobenzene frame, and is 
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characterized by forming in the front face of this macromolecule layer the irregularity which has a 
refraction function. In this optical element, the refraction effectiveness can be acquired with the 
irregularity formed in the front face of a macromolecule layer. Moreover, although diffraction efficiency 
falls if sufficient concavo-convex depth is not obtained, in this optical element, the outstanding 
refraction effectiveness can be acquired by optimizing concavo-convex spacing irrespective of the 
concavo-convex depth. 

[0014] In order to attain the 1st above-mentioned purpose, an optical element according to claim 2 is 
equipped with the macromolecule layer which has an azobenzene frame, and is characterized by forming 
in the front face of this macromolecule layer irregularity with a depth of 1 micrometers or more which 
has a diffraction function. The outstanding diffraction effect can be acquired in this optical element, 
without diffraction efficiency falling with irregularity with a depth of 1 micrometers or more formed in 
the front face of a macromolecule layer. 

[0015] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

3 is equipped with the macromolecule layer which has an azobenzene frame, and it is characterized by 
forming in the front face of this 1st irregularity the 2nd irregularity which has a refraction function or a 
diffraction function while the 1st irregularity which has a refraction function is formed in the front face 
of this macromolecule layer. In this optical element, while the refraction effectiveness is acquired with 
the 1 st irregularity formed in the front face of a macromolecule layer, the refraction effectiveness or the 
diffraction effect can be acquired with the 2nd irregularity formed in the front face of the 1st irregularity. 

[0016] That is, in addition to the refraction effectiveness by the 1st irregularity, the outstanding 
refraction effectiveness can be acquired by acquiring the refraction effectiveness by the 2nd irregularity. 
Moreover, when acquiring the diffraction effect by the 2nd irregularity in addition to the refraction 
effectiveness by the 1st irregularity, the light beam of the configuration of arbitration can be obtained. 
[0017] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

4 is equipped with a dioptrics component and the macromolecule layer which has the azobenzene frame 
formed in the front face of this dioptrics component, and is characterized by forming in the front face of 
this macromolecule layer the irregularity which has either [ at least ] a refraction function or a 
diffraction function. In this optical element, while the refraction effectiveness is acquired by the 
dioptrics component, either [ at least ] the refraction effectiveness or the diffraction effect can be 
acquired with the irregularity formed in the front face of a macromolecule layer. 

[0018] That is, in addition to the refraction effectiveness by the dioptrics component, the outstanding 
refraction effectiveness can be acquired by acquiring the refraction effectiveness by irregularity. 
Moreover, when acquiring the diffraction effect by irregularity in addition to the refraction effectiveness 
by the dioptrics component, the light beam of the configuration of arbitration can be obtained. 
[0019] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

5 is equipped with the macromolecule layer which has an azobenzene frame, and it is characterized by 
forming the 2nd irregularity in the front face of this 1st irregularity at spacing narrower than this 1st 
irregularity while the 1st irregularity which has a refraction function is formed in the front face of this 
macromolecule layer. In this optical element, while the refraction effectiveness is acquired with the 1st 
irregularity formed in the front face of a macromolecule layer, according to the configuration of the 2nd 
irregularity formed in the front face of this 1st irregularity, either [ at least ] the refraction effectiveness 
or the diffraction effect can be acquired. 

[0020] In order to attain the 1st or 2nd above-mentioned purpose, an optical element according to claim 

6 is equipped with the dioptrics component equipped with the 1st irregularity which has a refraction 
function, and the macromolecule layer which has an azobenzene frame on the front face of this 1st 
irregularity, and is characterized by forming the 2nd irregularity in the front face of this macromolecule 
layer at spacing narrower than said 1st irregularity. In this optical element, while the refraction 
effectiveness is acquired with the 1st irregularity in the front face of a dioptrics component, according to 
the configuration of the 2nd irregularity formed in the front face of this 1st irregularity, either [ at least ] 
the refraction effectiveness or the diffraction effect can be acquired. 
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[0021] In the above-mentioned optical element, it is desirable to be formed at spacing whose irregularity 
which has a refraction function is 5-100 micrometers, and it is desirable to be formed at spacing whose 
irregularity which has a diffraction function is 0.2-5 micrometers. 

[0022] As for the glass transition point of a macromolecule, in the above-mentioned optical element, it 
is more desirable than a room temperature that it is either of the range of 20 degrees C - 50 degrees C an 
elevated temperature and near the room temperature. 

[0023] In order to attain the 3rd above-mentioned purpose, an optical element according to claim 12 is 
characterized by forming the irregularity to which it has the macromolecule layer which has an 
azobenzene frame, and the glass transition point of this macromolecule is an elevated temperature from 
a room temperature, and has either [ at least ] a refraction function or a diffraction function on the front 
face of said macromolecule layer. From a room temperature, when it irradiates light when the glass 
transition point of a macromolecule is an elevated temperature, and it carries out induction of the 
irregularity, while it can carry out induction of the irregularity of sufficient depth, it can maintain the 
irregularity by which induction was carried out to stability. Consequently, easy and the refraction 
effectiveness which was excellent while it could form in stability and the degree of freedom of a design 
improved, and/or the outstanding diffraction effect can be acquired for the irregularity of sufficient 
depth on the surface of an optical element. 

[0024] Moreover, in order to attain the 3rd above-mentioned purpose, it has the macromolecule layer 
which has an azobenzene frame, the glass transition point of this macromolecule is near the room 
temperature, and an optical element according to claim 13 is characterized by forming in the front face 
of said macromolecule layer the irregularity which has either [ at least ] a refraction function or a 
diffraction function. When irradiating light when the glass transition point of a macromolecule is near 
the room temperature, and carrying out induction of the irregularity, the induction of the irregularity of 
sufficient depth can be carried out. Consequently, while the irregularity of sufficient depth can be easily 
formed on the surface of an optical element and the degree of freedom of a design improves, the 
outstanding refraction effectiveness and/or the outstanding diffraction effect can be acquired. 
[0025] Moreover, in order to attain the 3rd above-mentioned purpose, an optical element according to 
claim 14 is equipped with the macromolecule layer which has an azobenzene frame, is range whose 
glass transition point of this macromolecule is 20 degrees C - 50 degrees C, and is characterized by 
forming in the front face of said macromolecule layer the irregularity which has either [ at least ] a 
refraction function or a diffraction function. When irradiating light when the glass transition point of a 
macromolecule is the range which is 20 degrees C - 50 degrees C, and carrying out induction of the 
irregularity, while being able to carry out the induction of the irregularity of sufficient depth, the 
irregularity by which induction was carried out is maintainable to stability. Consequently, easy and the 
refraction effectiveness which was excellent while it could form in stability and the degree of freedom of 
a design improved, and/or the outstanding diffraction effect can be acquired for the irregularity of 
sufficient depth on the surface of an optical element. 

[0026] In an optical element according to claim 12 to 14, the irregularity concerning the part which has a 
refraction function among the irregularity formed in the front face of a macromolecule layer can be 
formed at intervals of 5-100 micrometers. Moreover, as for the irregularity concerning the part which 
can form the irregularity concerning the part which has a diffraction function among the irregularity 
formed in the front face of a macromolecule layer at intervals of 0.2-5 micrometers, and has a diffraction 
function, it is desirable to be formed in a depth of 1 micrometers or more. Furthermore, it can have the 
1st irregularity which is formed in the front face of a macromolecule layer and has a refraction function 
as irregularity formed in the front face of a macromolecule layer, and the 2nd irregularity which is 
formed in the front face of this 1st irregularity, and has a refraction function or a diffraction function. 
Moreover, the macromolecule layer may be formed in the front face of a dioptrics component. 
[0027] In the above-mentioned optical element, the hologram may be recorded on the interior of a 
macromolecule layer. In this case, a diffraction function can be obtained by the hologram recorded on 
the interior. 

[0028] In order to enable formation of deeper irregularity, as for the thickness of a macromolecule layer, 
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it is desirable to be referred to as 1-10 micrometers. Moreover, as for a giant molecule, what has an 
azobenzene frame in a side chain is desirable, and what contains an aromatic hydrocarbon radical in a 
principal chain is more desirable. Also in these macromolecules, especially the polyester expressed with 
the following general formula (1) is desirable. 



[0030] (Among a formula, X shows a cyano group, a methyl group, a methoxy group, or a nitro group, 
and Y shows the divalent connection radical by ether linkage, ketone association, or sulfone 
association.) 1 and m show the integer of 2-18, and n shows the integer of 5-500. In order to attain the 
4th above-mentioned purpose, invention according to claim 25 is the manufacture approach of an optical 
element of manufacturing the optical element of this invention, and is characterized by irradiating the 
light which has predetermined intensity distribution, forming the irregularity according to these intensity 
distribution in the front face of a macromolecule layer established in the optical element, and 
manufacturing an optical element. In this case, it is desirable that the light to irradiate is the circular 
polarization of light. Moreover, predetermined intensity distribution can be made into the intensity 
distribution corresponding to a computer generated hologram or kino form, and the intensity distribution 
corresponding to the speckle pattern obtained from the diffuser. 

[0031] By this manufacture approach, by irradiating the optical pattern of arbitration, the light which has 
the intensity distribution corresponding to a computer generated hologram or kino form, the light which 
has the intensity distribution corresponding to the speckle pattern obtained from the diffuser can form 
the irregularity of a request configuration in the front face of a macromolecule layer, and can 
manufacture simple and cheaply the optical element by which irregularity was formed in the front face 
of a macromolecule layer. 

[0032] Moreover, in order to attain the 4th above-mentioned purpose, invention according to claim 29 is 
the manufacture approach of an optical element of manufacturing the optical element of this invention, 
and is characterized by irradiating body light and a reference beam on the front face of a macromolecule 
layer established in the optical element, forming the irregularity according to the intensity distribution 
by the interference light of this body light and a reference beam, and manufacturing an optical element. 
In this case, as for body light and a reference beam, it is desirable that it is the circular polarization of 
light of the circumference of reverse mutually. 

[0033] By this manufacture approach, by irradiating the optical pattern of arbitration, the interference 
fringe of light etc. can form the irregularity of a request configuration in the front face of a 
macromolecule layer, and can manufacture simple and cheaply the optical element by which irregularity 
was formed in the front face of a macromolecule layer, for example. 

[0034] In order to attain the 5th above-mentioned purpose, the manufacture approach of an optical 
element duplicate object according to claim 31 Are the manufacture approach of an optical element 
duplicate object of manufacturing the duplicate object of the optical element of this invention, produce 
La Stampa for imprinting this irregularity using the irregularity formed in the front face of said optical 
element, and with the thermocompression bonding or injection molding using this La Stampa It is 
characterized by forming said irregularity and the irregularity of the same configuration in the front face 
of a resin ingredient, and manufacturing the duplicate object of said optical element. 
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[0035] Moreover, in order to attain the 5th above-mentioned purpose, an optical element duplicate 
object according to claim 32 is characterized by imprinting the irregularity formed in the front face of 
the optical element of this invention. 

[0036] By the manufacture approach of the above-mentioned optical element duplicate object, La 
Stampa for imprinting this irregularity is producible using the irregularity formed in the front face of the 
optical element of this invention, such as performing mastering using the optical element of this 
invention, producing a metal master for example, and producing La Stampa based on this metal master. 
And by the approach suitable for mass production method, such as thermocompression bonding or 
injection molding using this La Stampa, the irregularity of the same configuration as the irregularity 
formed in the front face of a resin ingredient on the surface of the optical element can be formed, and the 
optical element of the shape of same surface type can be reproduced easily. For this reason, the optical 
element of the shape of complicated surface type can also be mass-produced easily. Moreover, the 
obtained optical element duplicate object demonstrates the outstanding refraction effectiveness and/or 
the outstanding diffraction effect like the optical element of this invention. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[Ingredient of a polymer carrier or a giant-molecule layer] The polymeric materials used for the optical 
element of this invention are giant molecules (an "azo polymer" is called hereafter) which have an 
azobenzene frame. This azobenzene frame shows the photoisomerization cycle of a transformer-cis— 
transformer. 

[0038] this invention — setting — the inside of these azo polymer — a glass transition point Tg — a near 
room temperature — a hot azo polymer is somewhat more desirable especially preferably than a room 
temperature. The former, Photofabrication of surfaces for holograms, As indicated by Sukant Tripathy, 
Dong-Yu Kim, LianLi, and Jayant Kumar, and CHEMTECH MAY (1998) pp.34-40. Although the azo 
polymer 100 degrees C or more was used for surface relief formation, a glass transition point Tg this 
invention person etc. is that a glass transition point Tg uses the azo polymer near the room temperature 
for a record medium, and, as for deep relief structure, easy and being obtained by stability raised sharply 
the degree of freedom of a design of a header and an optical element. 

[0039] Moreover, the macromolecule which contains an azobenzene frame in a side chain from a 
viewpoint of the molecular structure is desirable, and the macromolecule which contains an aromatic 
hydrocarbon radical in a principal chain is more desirable. Also in these, especially the polyester 
expressed with the above-mentioned general formula (1) is desirable. 

[0040] The example of the azo polymer which can be used by this invention is shown below. 

[0041] 

[Formula 3] 
T/sKllv- (1) 




[0042] The polyester (azo polymer (1)) which has a cyano azobenzene in the above-mentioned side 
chain is M.Sato f s and others "Synthesis and properties of polyesters having cyanoazobenzene units in 
the side chain", and Macromol.Rapid. Commun. It is reported to 15 and 21-29 (1994), and can 
compound by the approach indicated by this reference. Next, the synthesis procedure of this azo 
polymer (1) is explained. 

[0043] (Composition of a 4-hydroxy-4'-cyano azobenzene) NaN02 water solution (NaNO2150g, 750ml 
of pure water) was dropped, stirring two mols (236. 3g) of 4-amino benzonitriles, 600ml (12Ns) of HC1 
(s), and 600ml of pure water in an ice bath (step 1). Two mols (191. 8g) of phenols and two mol (1 12.3g) 
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of KOH(s) are quickly dissolved in about 21. pure water, and the product of step 1 was dropped and was 
made to react. After reaction termination, after ****(ing) a product by suction filtration, reduced 
pressure drying was washed and carried out with pure water. The obtained product was made to 
recrystallize with a methanol and the crystal of 1.3 mols of 4-hydroxy-4'-cyano azobenzenes (292. 3g, 
65.5% of yield) was obtained. 

[0044] (Composition of a 4-(6-BUROMO hexyloxy)-4'-cyano azobenzene) 0.2 mols (44. 6g) of 4- 
hydroxy-4'-cyano azobenzenes, 1, two mols (488. lg) of 6-dibromo hexanes, 31.45 mols (200.4g) of 
K2COs, and 800ml of acetones are put into a 21. three-neck flask, and it flowed back for 20 hours and 
was made to react using a water bus. After cooling to a room temperature, a by-product and superfluous 
K2C03 were filtered and removed. After condensing the obtained filtrate to about about 1/2 using a 
rotary evaporator, it was left in the freezer and it was crystallized. After ****(ing) the depositing crystal 
by suction filtration, reduced pressure drying was washed and carried out by n-hexane (0.1 17 mols 
(45. 3g, 58.6% of yield)). Furthermore, the obtained rough crystal was made to recrystallize in ethanol, 
and 0.094 mols (36.3g, 47.0% of yield) of 4-(6-BUROMO hexyloxy)-4'-cyano azobenzenes were 
obtained. 

[0045] (Composition of 5-hydroxy isophthalic acid diethyl ester) One mol (182.4g) of 5-hydroxy 
isophthalic acid, 1500ml of ethanol, and 10ml of concentrated sulfuric acid are put into a 21. three-neck 
flask, and it flowed back for 24 hours and was made to react using a water bus. After condensing 
reaction mixture using the rotary evaporator and filling NaHC03 water solution with concentration 
liquid, reduced pressure drying of the product was ****(ed) and carried out, and 0.096 mols (228. 8g, 
96.0% of yield) of 5-hydroxy isophthalic acid diethyl ester were obtained. Furthermore, the obtained 
product was made to recrystallize in ethanol and reduced pressure drying was carried out under heating 
(50-60 degrees C). 

[0046] (Side-chain section monomer: 5 -(4-cyanobenzene azo phenoxy hexyloxy)- Composition of 
isophthalic acid ethyl ester) 0.08 mols (30.9g) of 4-(6-BUROMO hexyloxy)-4'-cyano azobenzenes, 0.08 
mols of 5-hydroxy isophthalic acid diethyl ester, 30.12 mols (16.58g) of K2COs, and 400ml of acetones 
are put into all. three-neck flask, and it flowed back for 24 hours and was made to react using a water 
bus. About 41. pure water was filled with reaction mixture after radiationnal cooling, and reduced 
pressure drying of the precipitate was filtered, taken out and carried out (0.071 mols (38. 8g, 89.2% of 
yield)). 5 which is made to recrystallize with an acetone after that and becomes a side-chain section 
monomer -(4-cyanobenzene azo phenoxy hexyloxy)- The crystal of 0.058 mols of isophthalic acid ethyl 
ester (31.4g, 72.2% of yield) was obtained. The melting point of the obtained crystal is 99.0 degrees C, 
and had the absorption peak in 364.2nm. 

[0047] A FTIR spectrum and 1 H-NMR performed identification of a side-chain section monomer. The 
measurement result of FTIR is shown below. 

FTIR(KBr): 2947.7cm-l (CH telescopic motion), 2227.4cm-l(CN)1713.4cm-l (ester C=0), 1599.7cm- 
1 (C=C), 1580cm-l (N=N), 1244.8cm-l (C-O-C) 

Moreover, the result of 1 H-NMR analysis of a spectrum is shown in the following table 1 . 

[0048] 

[Table 1] 
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[0049] (Principal-chain section monomer: Composition of the bis(4-hydronalium hexyloxy phenyl) 
ether) 0.3 mols (60.66g) of 4 and 4'-dihydroxy diphenyl ether, 0.66 mols (90.16g) of 6-chloro-l- 
hexanols, 30.7 mols (97g) of K2COs, and 250ml of N.N-dimethylformamide were mixed, and it heated 
at 160 degrees C using the oil bath, and was made to react for 24 hours. Then, the water containing a 
small amount of hydrochloric acid was filled with reaction mixture, the product was ****(ed) by suction 
filtration, carried out reduced pressure drying, and the bis(4-hydronalium hexyloxy phenyl) ether was 
obtained. Furthermore, the obtained product was made to recrystallize from a water-N.N- 
dimethylformamide system partially aromatic solvent, and the crystal of the bis(4-hydronalium 
hexyloxy phenyl) ether was obtained almost quantitatively. The melting point of the obtained crystal 
was 119 degrees C. 

[0050] A FTIR spectrum and 1 H-NMR performed identification of a principal chain section monomer. 
The measurement result of FTIR is shown below. 

FTIR(KBr, JASCO FT/IR -230): 3312.1cm-l(OH)2936.1cm-l (CH telescopic motion), 1505.2cm- 1 
(aromatic series), 1241.9cm-l (C-O-C) 

Moreover, the result of 1 H-NMR analysis of a spectrum is shown in the following table 2. 

[0051] 

[Table 21 
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[0052] (Melt polycondensation of the polyester which has an azobenzene in a side chain) Side-chain 
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section monomer: 5 -(4-cyanobenzene azo phenoxy HEKISHINOKISHI)- 0.01 mols (5.4361g) of 
isophthalic acid ethyl ester, 0.01 mols (4.0253g) of principal chain section monomer:bis(4-hydronalium 
hexyloxy phenyl) ether, and O.lg of acetic-anhydride zinc were put into the 300ml three-neck flask, and 
it was made to react under nitrogen-gas-atmosphere mind according to the following step of 1-4. 
1) Decompressed to reaction 210Torr (1.33xl03Pa) at about 160 degrees C for 2 hours, chloroform was 
made to dissolve after the 2-hour reaction above-mentioned reaction termination and reaction mixture in 
180 degrees C and 2 - 5Torr (0.27x103 to 0.67xl03Pa) over reaction 3 30 minutes for 20 minutes by the 
temperature up and reduced pressure 4 180 degree C, and 2 - 5Torr (0.27x103 to 0.67x1 03Pa), and it 
poured into the methanol. Precipitate was filtered and taken out, after carrying out heating washing with 
pure water, with the methanol, heating washing was carried out, reduced pressure drying was carried 
out, and the polyester which has a cyano azobenzene in a side chain was obtained almost quantitatively. 
[0053] The DSC (differential scanning calorimeter) curve of the azo polymer (1) compounded by the 
above-mentioned approach to drawing 1 is shown. Glass transition temperature Tg was 38 degrees C, 
and the melting point Tm was 65 degrees C. Moreover, according to polarization microscope 
observation, the liquid crystal phase was a macromolecule which does not exist but has a birefringence 
in a solid state. 

[0054] Next, the record medium which has the macromolecule layer which consists of an azo polymer 
(1) on a substrate was created. First, the azo polymer (1) compounded by the above-mentioned approach 
was melted by the concentration of 0.8g/ml with chloroform, and carried out the spin coat on the washed 
glass substrate (lOOOrpm, 20 seconds). After making it dry, it heated and quenched to the temperature 
which becomes an isotropic phase, and the macromolecule layer which consists of an azo polymer (1) 
was formed. It checked that the macromolecule layer formed of polarization microscope observation 
was the isotropic amorphous film. Moreover, it was 1.5 micrometers when thickness was measured 
using the sensing-pin-type surface roughness meter. 

[0055] The surface relief hologram was formed using this record medium, and the relation between the 
concavo-convex depth (relief depth) and exposure energy was investigated. If in charge of formation of 
a surface relief hologram, while branching to two light waves and making this into body light and a 
reference beam using the 5 1 5nm oscillation line of an Ar ion laser, each polarization was mutually made 
into the circular polarization of light of the circumference of reverse. Exposure reinforcement was made 
into 0.5 W/cm2. The crossed axes angle of two light waves was adjusted so that spacing of the grating 
formed might become two kinds which are 1 micrometer and 10 micrometers, and the situation of relief 
development was investigated. A result is shown in drawing 2 . 

[0056] When exposure energy increased so that drawing 2 might show, the relief depth also increased. 
Moreover, the irregularity of the depth exceeding 1 micrometer has been formed in the grating whose 
spacing is 10 micrometers. Moreover, the grating of 1 -micrometer spacing has formed irregularity with a 
smaller than it depth of about 0.25 micrometers. 

[0057] Thus, in the record medium using an azo polymer (1), induction of the relief deeper than before 
can be carried out. Since Tg of an azo polymer is near the room temperature, this is conjectured to be for 
the molecule migration by optical exposure to take place easily. If the azo polymer of Tg lower than a 
room temperature is used, although induction of the deep relief will be carried out on the other hand at 
the time of an optical exposure, the configuration is not maintained after optical cutoff and the optical 
element with irregularity deep as a result cannot be realized. Therefore, deep relief structures are easy 
and the point acquired by stability, and Tg somewhat higher than a room temperature and the azo 
polymer which shows Tg of the range of 20 degrees C - 50 degrees C preferably are suitable for this 
invention as described above. 

[0058] Next, when changed various thickness of the macromolecule layer which consists of an azo 
polymer (1), two or more record media were produced, the surface relief hologram was formed about 
each record medium and the relation between the relief depth and exposure energy was investigated, it 
was checked that induction of the irregularity of the magnitude same in the range whose thickness of an 
azo polymer is 1 micrometer - 10 micrometers as the case where it is shown in drawing 2 is carried out. 
[0059] Although two or more reports of the example by which induction of the irregularity was carried 
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out to the azo polymer layer of lOOnm of thickness numbers by the about dozens to 100-micrometer thin 
film are carried out conventionally, the example which carried out induction of the deep relief structure 
to the thick azo polymer layer exceeding several micrometers is not reported. In this invention, also 
when thickness of an azo polymer layer was thickened with 1 micro - 10 micrometers, it was shown 
clearly that the induction of the irregularity of several micrometers can be effectively carried out from 
hundreds of nm. That is, it found out that very big surface relief structure was generable by using for a 
record medium the azo polymer which has suitable Tg, making the thickness comparatively thick, and 
recording a hologram as described above. And the degree of freedom of a design of an optical element 
was able to be sharply raised by applying this to an optical element. 

[0060] The example (a chemical structure type and its Tg) of other azo polymers which can be used by 
this invention is shown below. These azo polymers are compoundable by the same approach as an azo 
polymer (1). 
[0061] 
[Formula 4] 




Tg=26.8t, 101=56.4^ 

(2) 



[0062] 
[Formula 5] 



0 




Tg=23.9t, Tm=62.7*fe 
7V#U*— (3) 




[0063] 
[Formula 6] 



Tg=485 fl C. Tm= 82.2*2 



[0064] 
[Formula 7] 
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[0065] 
[Formula 8] 
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Tg=33.1 a C, Tm=68.5°C 
TV^U"?— (6) 



[0066] 
[Formula 9] 
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[0067] 

[Formula 10] 
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[0068] As above-mentioned, Tg of the illustrated azo polymer is within the limits of 20 to 50 degrees C, 
and it was checked also in the relief formation experiment that the induction of the deep irregularity can 
be carried out like an azo polymer (1). 

[0069] [Gestalt of an optical element] As shown in drawin g 3 (a), the optical element of this invention 
can be constituted so that it may have the azo polymer support 10. In addition, azo polymer support 
consists of only azo polymer layers. The irregularity of the predetermined configuration which has either 
[ at least ] a refraction function or a diffraction function is formed in surface 10a of the azo polymer 
support 10. This irregularity can be formed by irradiating the light of the predetermined wavelength 
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which carries out induction of the isomerization of an azo polymer to surface 10a of the azo polymer 
support 10 which is a record medium by predetermined intensity distribution. 

[0070] Moreover, the optical element of this invention may consist of bases 12, such as a glass substrate 
and a plastic plate, and an azo polymer layer 14 formed in this base 12 front face, as shown in drawing 3 
(b). Similarly, the irregularity of the predetermined configuration which has either [ at least ] a refraction 
function or a diffraction function is formed in surface 14a of the azo polymer layer 14. When such 
irregularity irradiates the light of the predetermined wavelength which carries out induction of the 
isomerization of an azo polymer to surface 14a of the azo polymer layer 14 of this record medium by 
predetermined intensity distribution, the irregularity of a predetermined configuration is formed in 
surface 14a. 

[0071] The record medium equipped with the above-mentioned azo polymer layer 14 is producible by 
carrying out the cast of the chloroform solution of an azo polymer for example, on the washed base 12, 
and drying. Moreover, the spin coat of the azo polymer solution may be carried out on a base 12, and the 
azo polymer layer 14 may be formed. Moreover, when using the film-like base 12, an azo polymer 
ingredient can be pasted up on a base 12 with a hotpress, and the azo polymer layer 14 can also be 
formed. 

[0072] The above-mentioned irregularity has either a diffraction function or a refraction function with 
spacing (concavo-convex pitch) in which irregularity is formed. When considering a diffraction 
function, a concavo-convex pitch is equivalent to a lattice spacing lambda. In the wavelength of incident 
light, if the refractive index of lambda and a medium is set to n and an angle of diffraction (2 light- wave 
crossed axes angle of hologram record) is set to theta, a lattice spacing lambda will be given by the 
following formula. 
[0073] 
[Equation 1] 



[0074] For example, if it is the wavelength of lambda- 600nm of incident light, and the refractive index 
n= 1 .5 of a medium (azo polymer), as for an angle of diffraction theta, a lattice spacing lambda will 
become small with 0 degree - 7 degrees in 5 micrometers or more, and, as for an angle of diffraction 
theta, a lattice spacing lambda will become large with 90 degrees in 0.5 micrometers, that is, when a 
concavo-convex pitch is to some extent large, an angle of diffraction mainly has the operation by 
refraction small, and a concavo-convex pitch becomes narrow — it is alike, and it follows and comes to 
have an effective (an angle of diffraction — large) diffraction function. Although extent of a diffraction 
function and a refraction function changes also with the wavelength lambda of incident light, and the 
refractive indexes of an azo polymer somewhat strictly this passage, when a concavo-convex pitch is 
roughly formed at spacing which is 5-100 micrometers, that irregularity has a refraction function, and 
when formed at spacing whose concavo-convex pitch is 0.2-5 micrometers, you may think that that 
irregularity has a diffraction function. Moreover, as for the above-mentioned irregularity, diffraction 
efficiency changes with the depth (concavo-convex depth) in which irregularity is formed. As 
aforementioned, generating of zero-order light decreases as the concavo-convex depth becomes deep, 
and diffraction efficiency improves. 

[0075] In addition, a concavo-convex pitch is spacing of adjoining heights and heights, and the concavo- 
convex depth is the gap of the maximum heights and the maximum crevice. These irregularity pitch and 
the concavo-convex depth can be measured from the observation image by AFM (atomic force 
microscope). What is necessary is just to ask for the average or the distributed range like a speckle 
pattern, when a concavo-convex pitch is not fixed. Moreover, based on the above-mentioned relational 
expression, it can also ask for a concavo-convex pitch from the refractive index n and angle of 
diffraction theta of wavelength lambda and an azo polymer of incident light. 
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[0076] [Gestalt of the 1st operation] The optical element of the gestalt of this operation forms in the 
front face of azo polymer support the irregularity (the 1st irregularity) which functions as a lenticular 
lens, and forms in the front face of this irregularity the irregularity (the 2nd irregularity) which has a 
diffraction function at spacing narrower than this irregularity. In addition, the lenticular lens has the 
structure shown in drawing 4 (a). 

[0077] First, as shown in drawing 5 , the light wave 18 which has light and darkness (optical intensity 
distribution shown in drawing 6 ) corresponding to the configuration of a lenticular lens with the space 
optical modulator 16 is generated, and image formation of this light wave 18 is carried out to surface 
10a of the azo polymer support 10 with lenses 20 and 22. Thereby, as shown in drawing 7 (a), 
irregularity 24 is formed in surface 10a of the azo polymer support 10 so that it may have an operation 
of a lenticular lens. 

[0078] As shown in drawin g 7 (a), if incidence of the light (incident light) 26 is carried out, the diffused 
light 28 can be acquired from the side by which irregularity 24 was formed in the azo polymer support 
10 in which this irregularity 24 was formed by the refraction function of irregularity 24. The beam 
profile of the diffused light 28 is shown in drawing 7 (b). the diffusion property of the lenticular lens 
shown in drawing 4 (b), and abbreviation — it turns out that it has the same diffusion property. 
[0079] Next, as shown in drawing 8 , it branches to two light waves and a laser beam is irradiated as the 
body light 30 and a reference beam 32 at surface 10a in which the irregularity 24 of the azo polymer 
support 10 was formed, respectively. The body light 30 and a reference beam 32 are mutually taken as 
the circular polarization of light of the circumference of reverse. A surface relief hologram is recorded 
efficiently by this, and detailed irregularity is formed in the front face of the irregularity 24 of the azo 
polymer support 10. 

[0080] If it designs so that the primary plus light 34, the primary minus light 36, and the zero-order light 
38 may be diffracted equally when incident light 26 carries out incidence of the surface relief hologram, 
as shown in drawing 9 (a) When incidence of the incident light 26 is carried out to the azo polymer 
support 10 from the side in which irregularity 24 was formed, the diffused light (the primary plus light 
34, the primary minus light 36, and zero-order light 38) of trifurcation is generated, and the beam of a 
diffusion angle shown in drawing 9 (b) can be obtained. 

[0081] While the same refraction effectiveness as a lenticular lens is acquired with the irregularity 
formed in the front face of azo polymer support by the optical element of the gestalt of this operation as 
above, the diffraction effect can be acquired with the detailed irregularity formed in the front face of this 
irregularity. Moreover, since both the refraction effectiveness and the diffraction effect are acquired, a 
complicated beam profile can be obtained according to an application. Furthermore, by irradiating the 
optical pattern of arbitration and carrying out induction of the irregularity of a request configuration to a 
front face, irregularity can be formed in a front face and an optical element can be manufactured simple 
and cheaply. 

[0082] [Gestalt of the 2nd operation] It forms an azo polymer layer in the concavo-convex (the 1st 
irregularity) field of a lenticular lens, and forms the irregularity (the 2nd irregularity) which has a 
diffraction function at spacing narrower than the irregularity of a lens on the front face of this azo 
polymer layer further while the lenticular lens which is a dioptrics component as a base is used for the 
optical element of the gestalt of this operation. 

[0083] First, as shown in drawing 10 , the coat of the azo polymer is carried out to homogeneity, and the 
azo polymer layer 14 is formed in the concave convex of lenticular lens 12A of a quartz. The azo 
polymer layer 14 is formed along with the irregularity of a lenticular lens 12A front face. This lenticular 
lens has the structure shown in drawing 4 (a), and as shown in drawing 4 (b), it diffuses incident light so 
that mesial magnitude full width may become 10 degrees. 

[0084] Next, as shown in drawing 1 1 , it branches to two light waves and a laser beam is irradiated as 
the body light 30 and a reference beam 32 at surface 14a of the azo polymer layer 14, respectively. The 
body light 30 and a reference beam 32 are mutually taken as the circular polarization of light of the 
circumference of reverse. A surface relief hologram is recorded efficiently by this, and detailed 
irregularity is formed in surface 14a of the azo polymer layer 14. 
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[0085] If it designs so that the primary plus light 34, the primary minus light 36, and the zero-order light 
38 may be diffracted equally when incident light 26 carries out incidence of the surface relief hologram, 
as shown in drawing 12 (a) When incidence of the incident light 26 is carried out to the azo polymer 
layer 14 from the side in which irregularity 24 was formed, the diffused light (the primary plus light 34, 
the primary minus light 36, and zero-order light 38) of trifurcation is generated, and the beam of a 
diffusion angle shown in drawing 12 (b) can be obtained. 

[0086] While the refraction effectiveness is acquired with a lenticular lens by the optical element of the 
gestalt of this operation as above, the diffraction effect can be acquired with the detailed irregularity 
formed in the front face of an azo polymer layer. Moreover, since both the refraction effectiveness and 
the diffraction effect are acquired, a complicated beam profile can be obtained according to an 
application. Furthermore, by irradiating the optical pattern of arbitration and carrying out induction of 
the irregularity of a request configuration to a front face, irregularity can be formed in a front face and 
an optical element can be manufactured simple and cheaply. 

[0087] In addition, although the example which uses the lenticular lens of a quartz above was explained, 
as long as it is insoluble as a dioptrics component to the solvent which dissolves the above-mentioned 
azo polymer, the thing of what kind of medium may be used, and what kind of forms, such as the 
spherical surface, the aspheric surface, and a concave lens, are sufficient also as the configuration. 
[0088] [Gestalt of the 3rd operation] It forms an azo polymer layer in the concavo-convex (the 1st 
irregularity) field of a lenticular lens, and forms the irregularity (the 2nd irregularity) which has a 
refraction function at spacing narrower than the irregularity of a lens on the front face of this azo 
polymer layer further while the lenticular lens which is a dioptrics component as a base is used for the 
optical element of the gestalt of this operation. 

[0089] First, like the gestalt of the 2nd operation, the coat of the azo polymer is carried out to 
homogeneity, and the azo polymer layer 14 is formed in the concave convex of lenticular lens 12A of a 
quartz. The azo polymer layer 14 is formed along with the irregularity of a lenticular lens 12A front 
face. This lenticular lens has the structure shown in drawing 4 (a), and as shown in drawing 4 (b), it 
diffuses incident light so that mesial magnitude full width may become 10 degrees. 
[0090] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 13 . That is, the diffused light 50 by which is 
made to carry out incidence of the laser beam 42 from the light source 40 to a diffuser 48 as the circular 
polarization of light 46 with the quarter-wave length plate 44, and outgoing radiation is carried out 
behind a diffuser 48 is irradiated at surface 14a of the azo polymer layer 14. Thereby, as shown in 
drawing 14 , the irregularity 52 according to a speckle pattern is formed in the azo polymer layer 14. 
[0091] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
shown in drawing 15 . Horizontally it is the direction where the cylindrical side of a lenticular lens is 
located in a line, and, perpendicularly, is the direction which intersects perpendicularly with this here. A 
continuous line shows the diffusion property after a speckle pattern imprint, and a dotted line shows the 
diffusion property before a speckle pattern imprint. The direction of the optical element which formed 
the irregularity 52 according to a speckle pattern in the azo polymer layer 14 excels [ whenever / 
diffusion angle ] in the diffusion property greatly so that drawing 15 may show. 

[0092] The more excellent refraction effectiveness can be acquired being able to acquire the refraction 
effectiveness and pressing down the thickness of a component also with the detailed irregularity formed 
in the front face of an azo polymer layer, while the refraction effectiveness is acquired with a lenticular 
lens by the optical element of the gestalt of this operation as above. Moreover, by irradiating the optical 
pattern of arbitration and carrying out induction of the irregularity of a request configuration to a front 
face, irregularity can be formed in a front face and an optical element can be manufactured simple and 
cheaply. 

[0093] In addition, although the example which uses the lenticular lens of a quartz above was explained, 
other dioptrics components may be used like the gestalt of the 2nd operation. 

[0094] Moreover, although the example which imprints the speckle pattern obtained from the diffuser 
above was explained, the light of the intensity distribution corresponding to a computer generated 
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hologram or kino form is irradiated, and the irregularity according to these intensity distributions can 
also be formed. A computer generated hologram is a hologram recorded with the light of the intensity 
distribution which calculate the interference fringe produced by body light and the reference beam, and 
are equivalent to a count result. A computer generated hologram is explained in full detail in an 
example. Kino form is reinforcement or not the polarization direction but the hologram which recorded 
phase distribution. 

[0095] When mass-producing the [manufacture approach suitable for mass production method], next the 
duplicate object of the optical element of this invention, the suitable manufacture approach is explained. 
The optical element of this invention is characterized by forming in the front face of azo polymer 
support or an azo polymer layer the irregularity of the predetermined configuration which has either [ at 
least ] a refraction function or a diffraction function as above-mentioned. Therefore, the optical element 
equipped with the shape of same toothing can be reproduced by imprinting the irregularity formed in the 
front face. 

[0096] For example, the metal mold (metal master) of the negative of this optical element is producible 
by performing electric conduction processing to an optical element by golden vacuum evaporationo or 
electroless deposition, and performing electrocasting, such as nickel, like the production process of a 
compact disk, using the optical element which irradiated the optical pattern of arbitration and carried out 
induction of the irregularity of a request configuration to the front face of azo polymer support or an azo 
polymer layer. Based on this metal mold, a pattern can be imprinted into resin ingredients, such as an 
acrylic, Pori Karr Nate, and polyester, and a duplicate object (optical element) can be obtained by 
thermocompression bonding, injection-molding processing, etc. into them. 

[0097] Below, the production process of a duplicate object is explained. First, like the gestalt of the 1st 
operation, as shown in drawing 16 (A), while irregularity 24 is formed in surface 10a of the azo polymer 
support 10, the optical element by which detailed irregularity was formed in the front face of irregularity 
24 is produced. Next, as shown in drawing 16 (B), gold is vapor-deposited to surface 10a in which the 
irregularity 24 and the detailed irregularity of this optical element were formed, and the thin film deposit 
54 is formed in it (mastering process). 

[0098] Next, the metal master 56 which formed the metal master 56 of predetermined thickness by 
nickel electrocasting on the thin film deposit 54, and was formed by drawing 16 (D) is exfoliated from 
the thin film deposit 54 in drawing 16 (C). By drawing 16 (E), a mother 58 is formed by nickel 
electrocasting on this metal master 56 that exfoliated, and a mother 58 is exfoliated from a metal master 
56 in drawing 17 (A). By drawing 17 (B), La Stampa 60 is formed by nickel electrocasting on the 
mother 58 who exfoliated, by drawing 17 (C), it exfoliates from a mother 58 and La Stampa 60 
completes La Stampa 60 (La Stampa making process). This La Stampa 60 is equipped with the 
irregularity corresponding to the irregularity 24 and the detailed irregularity which were formed in 
surface 10a of the azo polymer support 10. 

[0099] Next, as shown in drawing 17 (D), the polyester resin 65 which attached and carried out 
thermofusion of this La Stampa 60 to the injection molding machine which consists of a cover half 62 
and a migration mold 64 is poured in by the high-pressure force from an inlet (not shown), and injection 
molding is performed. Finally, as shown in drawing 17 (E), the temperature of an injection molding 
machine falls and the optical element 66 made of polyester resin is taken out in the place which resin 
hardened. The irregularity of the same configuration as the irregularity 24 and the detailed irregularity 
which were formed in surface 10a of the azo polymer support 10 is formed in surface 66a of the taken- 
out optical element 66 (imprint forming cycle). 

[0100] By the above-mentioned approach, since La Stampa is produced from an optical element and a 
duplicate object is manufactured with thermocompression bonding or injection molding using this La 
Stampa, it is suitable for producing a duplicate object in large quantities. 

[0101] As explained above, the optical element of this invention can acquire the outstanding refraction 
effectiveness and/or the outstanding diffraction effect with the irregularity formed in the front face of the 
macromolecule layer which consists of an azo polymer. Since it has the function of both a diffraction 
component and a refraction component in acquiring the diffraction effect especially in addition to the 
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refraction effectiveness, it is effective in obtaining the beam of the configuration of arbitration, and 
application of [ besides an optical bus system / spectroscope / an image formation optical element, a 
super resolution lens, / variably ] can be expected. 

[0102] Moreover, when using the azo polymer near the room temperature which has the desirable glass 
transition point of an elevated temperature [ room temperature ], easy and the refraction effectiveness 
which was excellent while it could form in stability and the degree of freedom of a design improved, 
and/or the outstanding diffraction effect can be acquired for the irregularity of sufficient depth for the 
front face of a macromolecule layer. 

[0103] Moreover, according to the manufacture approach of the optical element of this invention, by 
irradiating the optical pattern of arbitration, such as an interference fringe of light, a speckle pattern, and 
a computer generated hologram, induction of the complicated irregularity can be carried out easily, and 
an optical element can be produced that it is simple and cheaply. Furthermore, according to the 
manufacture approach of the optical element duplicate object of this invention, it is also possible to 
produce La Stampa based on this optical element, and to manufacture a duplicate object in large 
quantities using La Stampa. Moreover, according to the obtained optical element duplicate object, the 
outstanding refraction effectiveness and/or the outstanding diffraction effect can be acquired like the 
optical element of this invention. 

[0104] In addition, although the example which prepares above the irregularity which has a refraction 
function for dioptrics components, such as a lens, and the irregularity which has a diffraction function 
was explained, the irregularity which has a refraction function in other optical elements, such as a 
polarizing plate, a wavelength plate, and a reflecting plate, and the irregularity which has a diffraction 
function can also be prepared. 
[0105] 

[Example] Next, although an example explains this invention to a detail further, this invention is not 
limited to the following examples. 

(Example 1) This example explains the example which produced the optical element suitable as an 
optical diffusion branching component used for an optical data bus and a signal processor which are 
indicated by JP, 10-2823 71, A with reference to drawing 18 and drawing 19 . 

[0106] As an azo polymer, the polyester (instantiation compound: azo polymer (2)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (2) is 26.8 
degrees C, and is suitable for this invention. This azo polymer (2) was applied to transparence glass 
substrate 12B by the thickness of 1.5 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0107] While irradiating surface 14a of the azo polymer layer 14 as a body light 30, the space optical 
modulator 16 having generated the light wave (optical intensity distribution shown in drawing 18 (a)) 
which spread horizontally using the optical system shown in drawing 18 (b), and condensing this light 
wave with a lens 70, the parallel reference beam 32 was irradiated by the beam splitter 72 at 
coincidence. The body light 30 and a reference beam 32 were mutually set as the circular polarization of 
light of the circumference of reverse. A surface relief hologram is recorded efficiently by this, and 
detailed irregularity is formed in surface 14a of the azo polymer layer 14. The concavo-convex pitch 
was 0.8-2.0 micrometers. 

[0108] The condition of surface 14a is expanded and shown in drawing 19 . As shown in drawing 19 , 
induction of the surface relief hologram 1 micrometers or more was carried out for the concavo-convex 
depth by recording with sufficient exposure energy. Consequently, when incidence of the light was 
carried out to the obtained optical element, the zero-order diffracted light hardly appeared, but the 
diffused light of the optical intensity distribution shown in drawing 18 (a) was able to be acquired. 
Therefore, this optical element is suitable as an optical diffusion branching component for above- 
mentioned optical data buses. 

[0109] (Example 2) This example explains the optical diffusion branching component used suitable for 
an optical data bus and a signal processor which are indicated by JP, 10-282371, A, and its production 
approach with reference to drawing 20 - drawing 22 . 
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[01 10] As an azo polymer, the polyester (instantiation compound: azo polymer (3)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (3) is 48.5 
degrees C, and is suitable for this invention. This azo polymer (3) was applied to transparence glass 
substrate 12B by the thickness of 8.0 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0111] Drawing 20 is the optical intensity distribution for carrying out induction of the lenticular lens of 
a random pitch to the front face of an azo polymer layer in 5-100 micrometers. The light wave of the 
optical intensity distribution shown in drawing 20 was generated using the optical system shown in 
drawing 5 , and the front face of an azo polymer layer was irradiated. The light wave at this time was set 
as the circular polarization of light. Irregularity is formed in the front face of an azo polymer layer so 
that this may have an operation of the above-mentioned lenticular lens. 

[01 12] The concavo-convex depth shows the surface state of an azo polymer layer to drawing 21 . By 
recording with sufficient exposure energy, as shown in drawing 21 , induction of the surface relief 
hologram whose concavo-convex depth is a maximum of 1 .2 micrometers was carried out. 
[0113] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
shown in drawing 22 . Horizontally, there is no zero-order transmitted light and the beam has diffused it 
in homogeneity so that drawing 22 may show. On the other hand, since the beam did not spread 
perpendicularly, this optical element showed good non-isotropic diffusion. That is, in this example, the 
dioptrics component which equipped the front face with the shape of toothing of arbitration can be 
produced easily, and a desired diffusion property can be acquired. 

[0114] (Example 3) By this example, a speckle pattern is imprinted on the front face of an azo polymer 
layer from a diffuser, irregularity is formed in it, and the example which produced the optical element is 
explained. 

[0115] When volume hologram record of the speckle pattern which a diffuser is made to penetrate 
coherent light and is produced behind a diffuser is carried out, it is known that the hologram itself shows 
a diffusion property. For example, the hologram diffuser by which the diffusion boundary where a 
refractive index changes gently using this effectiveness was recorded on JP,4-299303,A is indicated. On 
the other hand, this example explains how to record not refractive-index change but a speckle pattern on 
the front face of a direct azo polymer layer as irregularity. 

[0116] As an azo polymer, the polyester (instantiation compound: azo polymer (5)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (5) is 37.8 
degrees C, and is suitable for this invention. This azo polymer (5) was applied to transparence glass 
substrate 12B by the thickness of 3.0 micrometers, and the record medium equipped with the azo 
polymer layer 14 was produced. 

[0117] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 23 . That is, incidence of the laser beam 42 
from the light source 40 was carried out to the diffuser 48 as the circular polarization of light 46 with the 
quarter-wave length plate 44, using 488nm of oscillation lines of an Ar ion laser as the light source 40. 
The non-isotropic-diffiision object which generates the diffused light of an ellipse as a diffuser 48 was 
used. The record medium has been arranged behind [ 5mm ] a diffuser 48, and the diffused light 50 by 
which outgoing radiation is carried out from a diffuser 48 was irradiated at surface 14a of the azo 
polymer layer 14. The speckle pattern of optical on-the-strength 2.2 W/cm2 was irradiated for 8 hours so 
that induction of the irregularity might fully be carried out to the azo polymer layer 14. The optical 
element (diffuser) by which the irregularity according to a speckle pattern was formed by this in surface 
14a of the azo polymer layer 14 was obtained. 

[0118] The result of having observed the concavo-convex pattern by which induction was carried out to 
drawing 24 at surface 14a of the azo polymer layer 14 by AFM (atomic force microscope) is shown. The 
maximum of the concavo-convex depth is about 1 micrometer, and the concavo-convex pitch became 
the configuration where during 100 micrometers [ 5 micrometers - ] of abbreviation was distributed 
focusing on 50 micrometers. Thus, the speckle pattern was imprinted by the azo polymer layer 14 as 
irregularity. 
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[0119] Next, the diffusion property of this diffuser was evaluated. The diffusion property of the 
horizontal and the perpendicular direction of this optical element is shown in drawing 25 . As drawing 
25 showed, the zero-order transmitted light did not have diffusion of the azo polymer layer 14, and it 
was non-isotropic diffusion. The diffusion property of this optical element is produced according to the 
refraction effectiveness by the irregularity formed in the front face. 

[0120] Thus, in this example, the optical element (diffuser) which has a refraction function with the 
irregularity of the front face instead of refractive-index distribution is producible. Furthermore, the 
irregularity of this optical element can be imprinted mechanically, La Stampa can be produced, and it 
has the merit that the optical element equipped with the shape of same toothing using this La Stampa 
can be mass-produced. 

[0121] (Example 4) By this example, in order to give the diffraction effect to the optical element of the 
refraction mold produced in the example 2, still more detailed irregularity is formed in the front face of 
the irregularity formed in the front face of an azo polymer layer, and the example which produced the 
optical element is explained. 

[0122] Using 488nm of oscillation lines of an Ar ion laser as the light source, on the front face in which 
the irregularity of the azo polymer layer of the optical element produced in the example 2 was formed, it 
branches to two light waves and a laser beam is irradiated as body light and a reference beam. 
Polarization of body light and a reference beam was mutually made into the circular polarization of light 
of the circumference of reverse with the quarter- wave length plate. The surface relief hologram could be 
efficiently produced by this polarization arrangement, and 1 micrometer or less and the concavo-convex 
depth were able to form [ the concavo-convex pitch ] the detailed irregularity of 200nm or less in the 
front face of the irregularity formed in the azo polymer layer. 

[0123] By adjusting the exposure energy of record light (body light and reference beam), it carried out 
as [ diffract / primary plus light, primary minus light, and zero-order light / equally ]. Thereby, as shown 
in drawing 9 (a), the diffused light of trifurcation is generated. The beam profile of the diffused light in 
this case is as being shown in drawing 9 (b). 

[0124] Thus, in this example, the diffraction effect can be added by adding detailed irregularity to the 
front face of irregularity equipped with a refraction function. Moreover, in the optical element of this 
example, since both the refraction effectiveness with a lenticular lens and the diffraction effect by the 
detailed irregularity formed in the front face of an azo polymer layer are acquired, a complicated beam 
profile can be obtained according to an application. 

[0125] In addition, the diffraction effect can be given by the same approach also about the optical 
element of the refraction mold produced in the example 3. 

[0126] (Example 5) This example explains the example which produced the optical element suitable as 
an optical diffusion branching component used for an optical data bus and a signal processor which are 
indicated by JP, 10-282371, A with reference to drawing 26 - drawing 28 . 

[0127] As an azo polymer, the polyester (instantiation compound: azo polymer (6)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (6) is 33.1 
degrees C, and is suitable for this invention. 

[0128] First, the chloroform solution of an azo polymer (6) was applied to the concave convex of 
lenticular lens 12A with the spin coat. Thickness of the azo polymer layer 14 was set to 1 micrometer at 
this time. The azo polymer layer 14 was formed along with the irregularity of a lenticular lens 12A front 
face. As a lenticular lens, the lenticular lens of the quartz shown in drawing 4 (a) was used. As shown in 
drawing 4 (b), as for this lens, mesial magnitude full width diffuses 10 degrees of incident light. 
Moreover, the pitch of the irregularity of a lenticular lens is 166 micrometers, and the concavo-convex 
depth is 50 micrometers. 

[0129] Next, in order to form in a Top Hat-like beam the diffusion angle of the lenticular lens of the 
quartz shown in drawing 4 (a), a surface relief hologram is produced using the optical system shown in 
drawing 27 . First, the space optical modulator 16 generated the light wave of the optical intensity 
distribution shown in drawin g 26 (a). This light wave is beforehand designed so that the diffused light 
by lenticular lens 12A may be transformed into optical Top Hat-like intensity distribution. 
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[0130] While irradiating as a body light 30, condensing the generated light wave with a lens 70, the 
parallel reference beam 32 was irradiated by the beam splitter 72 at coincidence. The body light 30 and a 
reference beam 32 carried out incidence to surface 14a of the azo polymer layer 14 from surface 14b of 
the opposite side on the abbreviation same axle. The body light 30 and a reference beam 32 were 
mutually set as the circular polarization of light of the circumference of reverse. Moreover, exposure 
energy was adjusted so that the diffraction efficiency of a relief hologram might serve as 50% of 
abbreviation. A surface relief hologram is recorded by this and detailed irregularity is formed in surface 
14a of the azo polymer layer 14. The concavo-convex pitch was 0.5-2.0 micrometers, and the concavo- 
convex depth was 200nm or less. 

[0131] Next, incidence of the light was carried out from the surface 14a side of the azo polymer layer 
14, and the hologram was reproduced. That is, among the light which carried out incidence, a half light 
was diffracted with the surface relief hologram, was refracted with the lenticular lens after that, and was 
diffused. Moreover, the light of the remaining one half which is not diffracted by the hologram was 
diffused with the lenticular lens as it was. As shown in drawing 28 , when these two diffused lights were 
put together, the Top Hat-like diffused light was able to be acquired as a result. 
[0132] Thus, at this example, a half light is diffused by the dioptrics component, and the light of the 
remaining one half is generated with a diffracted-light study component so that the diffused light may be 
compensated. Therefore, it is suitable as an optical diffusion branching component for above-mentioned 
optical data buses. 

[0133] (Example 6) By this example, a computer generated hologram is imprinted on the front face of an 
azo polymer layer, irregularity is formed in it, and the example which produced the optical element is 
explained. 

[0134] First, a computer generated hologram is explained. Theoretically, if both complex amplitude of 
the light in the input screen of a computer generated hologram, i.e., a phase and the real amplitude, is 
decided, the complex amplitude in the output screen of a computer generated hologram can be decided. 
Analytical conversion relation can describe the relation of these two complex amplitude, and when both 
are seldom approaching, it has the relation of the Fourier transform. However, implementation of the 
component which modulates both a phase and the amplitude is difficult, and it is common that only the 
amplitude modulates only a phase. In the modulation of only a phase or the amplitude, there is no 
unique relation between a desired output and a computer generated hologram, and it cannot but depend 
on a retrieval-optimization technique. 

[0135] Gerchberg-Saxton which performs the Fourier transform as the technique of optimization 
repeatedly until it converges — there are an approach using the technique of neural networks, such as law 
and the SHUMIRETTEDDO annealing method, an approach using a genetic algorithm, etc. a pattern 
simple here — Gerchberg-Saxton with comparatively quick convergence — the computer generated 
hologram was computed using law. 

[0136] Drawing 29 (b) is the optical intensity distribution in an output screen, and drawing 29 (a) is a 
computer generated hologram in the input screen for forming it. The computer generated hologram 
expresses phase distribution in an input screen, a white part corresponds to phase contrast pi, and the 
black part supports phase contrast-pi. In this example, an azo polymer is irradiated as a shade image as 
shows a phase contrast pattern to drawing 29 (b), and induction of the front face is carried out in a bright 
part. The phase of incident light is modulated according to this relief structure by which induction was 
carried out. Therefore, it is necessary to carry out induction of the irregularity equal to the phase contrast 
corresponding to a computer generated hologram. 

[0137] Image formation of this computer generated hologram was reduced and carried out to surface 10a 
of the azo polymer support 10 according to the optical system shown in drawing 5 . As an azo polymer, 
the polyester (instantiation compound: azo polymer (7)) which has a cyano azobenzene in a side chain 
was used. The glass transition temperature Tg of this azo polymer (7) is 38 degrees C, and is suitable for 
this invention. The maximum of the concavo-convex depth was about 1 micrometer, and the concavo- 
convex minimum pitch was about 1 micrometer. 

[0138] Thus, the computer generated hologram was imprinted by azo polymer support as irregularity. 
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The result of having observed the front face of azo polymer support by AFM is shown in drawing 32 . 
Moreover, incidence of the light is carried out to the obtained optical element, and the result of having 
evaluated the outgoing radiation light is shown in drawing 30 . In spite of having designed the computer 
generated hologram to four branching, outgoing radiation light became the light wave of 5 branching 
with the zero-order diffracted light from drawing 30 . Since induction of the irregularity equivalent to 
phase contrast pi was not carried out to the front face of azo polymer support, this originates in 100% of 
diffraction efficiency not having been acquired. 

[0139] Next, in order to give a lens property to the obtained optical element, the computer generated 
hologram irradiated the light-and-darkness image corresponding to the configuration of the lenticular 
lens shown in drawing 6 on the front face of the azo polymer support imprinted as irregularity. At this 
time, the optical system shown in drawing 5 was used. Induction of the irregularity was carried out to 
the azo polymer so that it might have an operation of a lenticular lens by this. The concavo-convex pitch 
was 10 micrometers. When incidence of the light was carried out to the obtained optical element, the 
diffused light of 5 branching of a mode profile shown in drawing 31 was able to be acquired. 
[0140] (Example 7) This example explains the example which produced the metal master for 
reproducing an optical element using the optical element produced in the example 3 and the example 6. 
[0141] Conductive processing is performed to the front face (correctly an azo polymer layer or the front 
face of azo polymer support) in which the irregularity of an optical element was formed by vacuum 
evaporationo or electroless deposition. Next, the metal master which is the metal mold of the negative of 
an optical element is producible with nickel electrocasting etc. If the metal master by which irregularity 
was imprinted by the precision can be obtained, the rest can obtain a duplicate object easily by 
producing La Stampa using this metal master, and imprinting a concavo-convex pattern by 
thermocompression bonding, injection-molding processing, etc. into resin ingredients, such as an 
acrylic, Pori Karr Nate, and polyester, using this La Stampa. 

[0142] Drawing 33 (a) and (b) are the AFM images on the front face of a metal master produced using 
the optical element obtained in the example 3. Irregularity performed electroless deposition to the front 
face of the azo polymer layer by which induction was carried out, and produced after that the metal 
master which is metal mold by nickel electrocasting. By comparing drawing 33 (a), and (b) and drawin g 
24 shows that the shape of surface type of an azo polymer layer is correctly imprinted by the metal 
master. 

[0143] Drawing 34 (a) and (c) are the AFM images of the azo polymer layer front face of the optical 
element obtained in the example 6, and drawing 34 (b) and (d) are the AFM images on the front face of 
a metal master produced using this. Irregularity gave golden vacuum evaporationo to the front face of 
the azo polymer layer by which induction was carried out, and produced the metal master by nickel 
electrocasting after that. Drawing 34 (a) - (d) shows that the shape of surface type of an azo polymer 
layer is correctly imprinted by the metal master. 

[0144] Therefore, even if it is the optical element equipped with complicated irregularity by 
manufacturing an optical element by the above-mentioned approach using this metal master, that 
duplicate can be mass-produced to simple and low cost. 

[0145] (Example 8) This example explains the example which imprinted the speckle pattern from a 
diffuser on the front face of the azo polymer layer formed in the front face of a lenticular lens, formed 
irregularity in it, and produced the optical element. 

[0146] As an azo polymer, the polyester (instantiation compound: azo polymer (4)) which has a cyano 
azobenzene in a side chain was used. The glass transition temperature Tg of this azo polymer (4) is 48.5 
degrees C, and is suitable for this invention. 

[0147] First, the chloroform solution of an azo polymer (4) was applied to the concave convex of 
lenticular lens 12A with the spin coat, and the azo polymer layer 14 with a thickness of 3 micrometers 
was formed. The azo polymer layer 14 was formed along with the irregularity of a lenticular lens 12A 
front face. As a lenticular lens, the lenticular lens of the quartz shown in drawing 4 (a) was used. As 
shown in drawing 4 (b), as for this lens, mesial magnitude full width diffuses 10 degrees of incident 
light. Moreover, the pitch of the irregularity of a lenticular lens is 166 micrometers. 
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[0148] Next, the speckle pattern from a diffuser is imprinted to surface 14a of the azo polymer layer 14 
using the speckle imprint optical system shown in drawing 13 . That is, incidence of the laser beam 42 
from the light source 40 was carried out to the diffuser 48 as the circular polarization of light 46 with the 
quarter-wave length plate 44, using 488nm of oscillation lines of an Ar ion laser as the light source. The 
non-isotropic-diffiision object which generates the diffused light of an ellipse as a diffuser 48 was used. 
The record medium equipped with the azo polymer layer 14 behind [ 5mm ] the diffuser 48 has been 
arranged, and the diffused light 50 by which outgoing radiation is carried out behind a diffuser 48 was 
irradiated at surface 14a of the azo polymer layer 14. The speckle pattern of optical on-the-strength 2.2 
W/cm2 was irradiated for 8 hours so that induction of the irregularity might fully be carried out to 
surface 14a of the azo polymer layer 14. Thereby, as shown in drawing 14 , the optical element 
(diffuser) by which the irregularity 52 according to a speckle pattern was formed in the azo polymer 
layer 14 was obtained. In addition, the maximum of the concavo-convex depth of irregularity 52 is about 
1 micrometer, and the concavo-convex pitch became the configuration where it was distributed over the 
range of 100 micrometers [ 5 micrometers - ] of abbreviation focusing on 50 micrometers. 
[0149] The diffusion property of the horizontal and the perpendicular direction of this optical element is 
shown in drawing 15 . A continuous line shows the diffusion property after a speckle pattern imprint, 
and a dotted line shows the diffusion property before a speckle pattern imprint. The direction of the 
optical element which formed the irregularity 52 according to a speckle pattern in the azo polymer layer 
14 is excellent in the diffusion property so that drawing 15 may show. That is, the diffusion property 
improved according to the-like secondary refraction effectiveness by the irregularity 52 formed in the 
front face of the azo polymer layer 14. 

[0150] Moreover, in this example, not refractive-index distribution but the diffusion component by 
surface irregularity is producible. Therefore, the irregularity on this front face of an optical element is 
imprinted mechanically, the master diffuser of a negative is produced, and there is a merit that a 
duplicate object can be mass-produced based on this master diffuser. 
[0151] 

[Effect of the Invention] The optical element of this invention does so the effectiveness that the 
outstanding refraction effectiveness or the outstanding diffraction effect can be acquired with the 
irregularity formed in the front face. 

[0152] Moreover, when it constitutes so that it may have the irregularity which has the irregularity and 
the diffraction function to have a refraction function, the effectiveness that the light beam of the 
configuration of arbitration can be obtained is done so according to the refraction effectiveness and the 
diffraction effect. 

[0153] Moreover, when the polymeric materials which have glass point relocation of the predetermined 
range are used, while the degree of freedom of a design improves by forming the irregularity (relief 
structure) of sufficient depth for a front face, the effectiveness that the outstanding refraction 
effectiveness and/or the outstanding diffraction effect can be acquired is done so. 
[0154] The manufacture approach of the optical element of this invention does so the effectiveness that 
the optical element by which irregularity was formed in the front face can be manufactured simple and 
cheaply, by irradiating the optical pattern of arbitration and carrying out induction of the irregularity of a 
request configuration to a front face. 

[0155] Since the manufacture approach of the optical element duplicate object of this invention produces 
La Stampa using the optical element by which irregularity was formed in the front face, it can reproduce 
easily the optical element of the shape of same surface type, and does so the effectiveness that mass 
production method becomes possible. Moreover, the obtained optical element duplicate object does so 
the effectiveness that the outstanding refraction effectiveness and/or the outstanding diffraction effect 
can be acquired like the optical element of this invention. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical element equipped with the macromolecule layer which has an azobenzene frame 
by which the irregularity which has a refraction function was formed in the front face of this 
macromolecule layer. 

[Claim 2] The optical element equipped with the macromolecule layer which has an azobenzene frame 
by which irregularity with a depth of 1 micrometers or more which has a diffraction function was 
formed in the front face of this macromolecule layer. 

[Claim 3] The optical element by which the 2nd irregularity which has a refraction function or a 
diffraction function was formed in the front face of this 1st irregularity while having the macromolecule 
layer which has an azobenzene frame and forming in the front face of this macromolecule layer the 1st 
irregularity which has a refraction function. 

[Claim 4] The optical element equipped with a dioptrics component and the macromolecule layer which 
has the azobenzene frame formed in the front face of this dioptrics component by which the irregularity 
which has either [ at least ] a refraction function or a diffraction function was formed in the front face of 
this macromolecule layer. 

[Claim 5] The optical element by which the 2nd irregularity was formed in the front face of this 1st 
irregularity at spacing narrower than this 1st irregularity while having the macromolecule layer which 
has an azobenzene frame and forming in the front face of this macromolecule layer the 1st irregularity 
which has a refraction function. 

[Claim 6] The optical element equipped with the dioptrics component equipped with the 1st irregularity 
which has a refraction function, and the macromolecule layer which has an azobenzene frame on the 
front face of this 1st irregularity by which the 2nd irregularity was formed in the front face of this 
macromolecule layer at spacing narrower than said 1st irregularity. 

[Claim 7] An optical element given in claim 1 formed at spacing whose irregularity which has said 
refraction function is 5-100 micrometers, and any 1 term of 3-6. 

[Claim 8] An optical element given in any 1 term of claims 2-4 formed at spacing whose irregularity 
which has said diffraction function is 0.2-5 micrometers. 

[Claim 9] An optical element given in any 1 term of claims 1-8 whose glass transition points of said 
macromolecule are elevated temperatures from a room temperature. 

[Claim 10] An optical element given in any 1 term of claims 1-9 whose glass transition points of said 
macromolecule are near the room temperature. 

[Claim 1 1] An optical element given in any 1 term of claims 1-10 the range of whose glass transition 
points of said macromolecule is 20 degrees C - 50 degrees C. 

[Claim 12] The optical element in which the irregularity to which it has the macromolecule layer which 
has an azobenzene frame, and the glass transition point of this macromolecule is an elevated temperature 
from a room temperature, and has either [ at least ] a refraction function or a diffraction function on the 
front face of said macromolecule layer was formed. 

[Claim 13] The optical element by which it has the macromolecule layer which has an azobenzene 
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frame, the glass transition point of this macromolecule is near the room temperature, and the irregularity 
which has either [ at least ] a refraction function or a diffraction function was formed in the front face of 
said macromolecule layer. 

[Claim 14] The optical element which it has the macromolecule layer which has an azobenzene frame, 
and is the range whose glass transition point of this macromolecule is 20 degrees C - 50 degrees C and 
by which the irregularity which has either [ at least ] a refraction function or a diffraction function was 
formed in the front face of said macromolecule layer. 

[Claim 15] An optical element given in any 1 term of claims 12-14 formed at spacing whose irregularity 
concerning the part which has a refraction function among said irregularity is 5-100 micrometers. 
[Claim 16] An optical element given in any 1 term of claims 12-15 formed at spacing whose irregularity 
concerning the part which has a diffraction function among said irregularity is 0.2-5 micrometers. 
[Claim 17] claim 12- in which the irregularity concerning the part which has a diffraction function 
among said irregularity was formed in a depth of 1 micrometers or more — an optical element given in 
any 1 term of 14 and 16. 

[Claim 18] Said irregularity is an optical element given in any 1 term of claims 12-14 equipped with the 
1st irregularity which is formed in the front face of said macromolecule layer, and has a refraction 
function, and the 2nd irregularity which is formed in the front face of this 1st irregularity, and has a 
refraction function or a diffraction function. 

[Claim 19] An optical element given in any 1 term of claims 12-18 by which said macromolecule layer 
was formed in the front face of a dioptrics component. 

[Claim 20] An optical element given in any 1 term of claims 1-19 by which the hologram was recorded 
on the interior of said macromolecule layer. 

[Claim 21] An optical element given in any 1 term of claims 1-20 which set thickness of said 
macromolecule layer to 1-10 micrometers. 

[Claim 22] Said giant molecule is an optical element given in any 1 term of claims 1-21 which contain 
an azobenzene frame in a side chain. 

[Claim 23] Said macromolecule is an optical element given in any 1 term of claims 1-22 which contain 
an aromatic hydrocarbon radical in a principal chain. 

[Claim 24] Said macromolecule is an optical element given in any 1 term of claims 1-23 which are 
polyester expressed with the following general formula (1). 



[Formula 1] 

-*5t (1) 




(Among a formula, X shows a cyano group, a methyl group, a methoxy group, or a nitro group, and Y 
shows the divalent connection radical by ether linkage, ketone association, or sulfone association.) 1 and 
m show the integer of 2-18, and n shows the integer of 5-500. 

[Claim 25] The manufacture approach of an optical element of being the manufacture approach of an 
optical element of manufacturing the optical element of a publication in any 1 term of claims 1-24, 
irradiating the light which has predetermined intensity distribution, forming the irregularity according to 
these intensity distribution in the front face of said macromolecule layer, and manufacturing an optical 
element. 

[Claim 26] The manufacture approach of an optical element according to claim 25 that said light is the 
circular polarization of light. 

[Claim 27] The manufacture approach of an optical element according to claim 25 or 26 that said 
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predetermined intensity distribution are the intensity distribution corresponding to a computer generated 
hologram or kino form. 

[Claim 28] The manufacture approach of an optical element according to claim 25 or 26 that said 
predetermined intensity distribution are the intensity distribution corresponding to the speckle pattern 
obtained from the diffUser. 

[Claim 29] The manufacture approach of an optical element of being the manufacture approach of an 
optical element of manufacturing the optical element of a publication in any 1 term of claims 1-24, 
irradiating body light and a reference beam on the front face of said macromolecule layer, forming the 
irregularity according to the intensity distribution by the interference light of this body light and a 
reference beam, and manufacturing an optical element. 

[Claim 30] Said body light and reference beam are the manufacture approach of the optical element 
according to claim 29 which is the circular polarization of light of the circumference of reverse 
mutually. 

[Claim 31] The manufacture approach of an optical element duplicate object of being the manufacture 
approach of an optical element duplicate object of manufacturing the duplicate object of the optical 
element of a publication in any 1 term of claims 1-24, producing La Stampa for imprinting this 
irregularity using the irregularity formed in the front face of said optical element, forming said 
irregularity and the irregularity of the same configuration in the front face of a resin ingredient, and 
manufacturing the duplicate object of said optical element with the thermocompression bonding or 
injection molding using this La Stampa. 

[Claim 32] The optical element duplicate object with which the irregularity formed in the front face of 
an optical element given in any 1 term of claims 1-24 was imprinted. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the diagram showing the DSC curve of an instantiation compound. 
[Drawing 2] It is the diagram showing the relation between the relief depth and exposure energy. 
[Drawing 3] (a) And (b) is the outline sectional view showing the laminating configuration of the optical 
element of this invention. 

[Drawing 4] (a) is the outline sectional view showing the structure of a lenticular lens, and (b) is the 
diagram showing the diffusion property of the lens shown in (a). 

[Drawing 5] It is an outline sectional view in alignment with the optical axis in which the exposure 
optical system in the production process of the optical element concerning the gestalt of the 1st 
operation is shown. 

[Drawing 6] It is drawing showing the optical intensity distribution corresponding to the configuration 
of a lenticular lens. 

[Drawing 7] (a) is the outline sectional view showing the phase where coarse irregularity was formed in 

the production process of the optical element concerning the gestalt of the 1st operation, and (b) is the 

diagram showing the beam profile of the diffused light of the optical element shown in (a). 

[Drawing 8] It is the outline sectional view showing the phase where detailed irregularity was formed in 

the production process of the optical element concerning the gestalt of the 1st operation. 

[Drawing 9] (a) is the outline sectional view showing the diffused light injected from the optical element 

concerning the gestalt of the 1st operation, and (b) is the diagram showing the beam profile of the 

diffused light shown in (a). 

[Drawing 10] It is the outline sectional view showing the phase where the macromolecule layer was 
formed in the concave convex of a lens in the production process of the optical element concerning the 
gestalt of the 2nd operation. 

[Drawing 11] It is the outline sectional view showing the phase where detailed irregularity was formed 
in the macromolecule layer in the production process of the optical element concerning the gestalt of the 
2nd operation. 

[Drawin g 12] (a) is the outline sectional view showing the diffused light injected from the optical 
element concerning the gestalt of the 2nd operation, and (b) is the diagram showing the beam profile of 
the diffused light shown in (a). 

[Drawing 13] It is an outline sectional view in alignment with the optical axis in which the exposure 
optical system in the production process of the optical element concerning the gestalt of the 3rd 
operation is shown. 

[Drawing 14] It is the outline sectional view showing the phase where detailed irregularity was formed 
in the macromolecule layer in the production process of the optical element concerning the gestalt of the 
3rd operation. 

[Drawing 15] It is the diagram showing the diffusion property of the optical element concerning the 
gestalt of the 3rd operation. 

[Drawing 16] (A) - (E) is the fragmentary sectional view showing the production process of an optical 
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element. 

[Drawing 17] (A) - (E) is the fragmentary sectional view showing the production process of an optical 
element. 

[Drawing 18] (a) is drawing showing the optical intensity distribution used in the example 1, and (b) is 
an outline sectional view in alignment with the optical axis in which the exposure optical system in the 
production process of the optical element of an example 1 is shown. 

[Drawing 19] It is the enlarged drawing showing the surface state of the optical element of an example 
1. 

[Drawing 20] It is drawing showing the optical intensity distribution corresponding to the configuration 
of the lenticular lens of a random pitch used in the example 2. 

[Drawing 21] It is the diagram showing the surface state of the optical element of an example 2. 
[Drawing 22] It is the diagram showing the diffusion property of the optical element of an example 2. 
[Drawin g 23] It is an outline sectional view in alignment with the optical axis in which the speckle 
imprint optical system in the production process of the optical element of an example 3 is shown. 
[Drawing 24] It is the perspective view showing signs that the surface state of the optical element of an 
example 3 was observed by AFM. 

[Drawing 25] It is the diagram showing the diffusion property of the optical element of an example 3. 

[Drawing 26] (a) is drawing showing the optical intensity distribution used in the example 5, and (b) is 

the diagram showing the diffusion property of the optical element of an example 5. 

[Drawing 27] It is an outline sectional view in alignment with the optical axis in which the exposure 

optical system in the production process of the optical element of an example 5 is shown. 

[Drawing 28] It is the diagram showing the beam profile of the diffused light injected from the optical 

element of an example 5. 

[Drawing 29] (a) is a computer generated hologram in the input screen of the optical element of an 
example 6, and (b) is the optical intensity distribution in an output screen. 

[Drawing 30] It is the diagram showing the beam profile of the diffused light injected from the optical 
element of an example 6. 

[Drawing 31] It is the diagram showing the beam profile of the diffused light injected from the optical 
element (lens property grant) of an example 6. 

[Drawing 32] It is drawing showing signs that the surface state of the optical element of an example 6 
was observed by AFM. 

[Drawing 33] (a) is the perspective view showing signs that the surface state of the metal master 
produced using the optical element of an example 3 was observed by AFM, and (b) is the fragmentary 
sectional view which met the scale of (a). 

[Drawing 34] The perspective view showing signs that (a) observed the surface state of the optical 
element of an example 6 by AFM, the perspective view showing signs that (b) observed the surface state 
of the metal master produced using the optical element of an example 6 by AFM, the fragmentary 
sectional view to which (c) met the scale of (a), and (d) are the fragmentary sectional views which met 
the scale of (b). 

[Drawing 35] (a) And (b) is drawing showing the conventional technique of an optical data bus, and (c) 

is drawing at the time of replacing with the dioptrics component of an optical data bus, and attaching a 

diffracted-light study component. 

[Description of Notations] 

10 Azo Polymer Support 

10a Front face 

12 Base 

12A Lenticular lens 

14 Azo Polymer Layer 

14a Front face 

16 Space Optical Modulator 

18 Light Wave 
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20 22 Lens 

24 Irregularity 

26 Light (Incident Light) 

28 Diffused Light 

30 Body Light 

32 Reference Beam 

34 Primary Plus Light 

36 Primary Minus Light 

38 Zero-order Light 

40 Light Source 

44 Quarter- wave Length Plate 

46 Circular Polarization of Light 

48 Diffiiser 

50 Diffused Light 

52 Irregularity 

56 Metal Master 

58 Mother 

60 La Stampa 
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[Drawing 26] 
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